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SECTION X. 

RUDIMENTS OF THE GENERAL MORPHOLOGY AND 
PHYSIOLOGY OF THE EUMYCETES, 

CHAPTER XXXIX. 

GENERAL MORPHOLOGY. 

§ 217.— Articulation of the Thallus. 

Already in the first volume (§22) the algse and the fungi 
were arranged in a single group, that of the Thallophjrtes, in 
contradistinction to all other plants, the latter being classed in 
the group of Cormopliytes. The distinguishing characteristics 
of these two groups were stated to be the absence in the former, 
and the presence in the latter, of an articulation of the body of 
the individual organism into leaf and stem. At the same time, 
it was mentioned that the corporeal form assumed by the 
Thallophytes, and differing fundamentally from the cormus of 
the Cormophytes, has received the general name of thallus. That 
intermediate forms between these two types should exist, and 
that the thallus of the highest TJmllophytes should approximate 
to the cormus of the lowest Cormophytes, is perfectly natural and 
in accordance with the general laws of phylogenetic evolution. 

Although the fungi, the only class of IJiallophytes with which 
we are now concerned, do not exhibit division into leaf and 
stem, their thallus is not entirely destitute of all articulation. 
True, in one of the two chief divisions of the fungus family, the 
Schizomycetes, the articulation of the thallus is practically un- 
discernible, the individual organisms taking the form of globular 
or oval cells, or straight or bent rods of variable length. Should 
any extensive development of the thallus occur, this may almost 
invariably be regarded as either a malformation preceding 
death — e,g. the branching of bacteroids (§ 195) and Bacterium 
aceti (§ 211) — or as an assemblage of several individual organ- 
isms giving rise to a deceptive appearance of articulation, as in 
the case of Cladothrix (§ 197). Again, in many species of 
bacteria, the colonies known as zoogloea seem to exhibit a more 
or less well-developed articulation; but these cannot be con- 
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3 GENERAL MORPHOLOGY. 

aiderod as a thallua, eince they represent assemblogeB of m&ny 
uniform cells, and not separate indiTidual organisms. 

The case is, however, different in the second division of the 
fungus family (§ 23), namely, the Enmycates or higher fungi. 
These differ from the Schixomycetee in universally possessing the 
faculty of forming true bnnchings. This characteristic resides 
in the immediate and uninterrupted connection between the 
plasma of the hranch (or the oldest cell of same) and that of 
the main stem from which the hranch proceeds. The diver- 
gence of form and the luxuriance of this branching vary in the 
different orders of fungi, and, in general, increase the higher we 
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get in the system and the nearer we approach the Comiophytes. 
In the lowest members, on the other hand, this tendency is 
often greatly simplified and restricted, thus approximating to 
the Schizomyceiea. 

A more careful examination of the thallus of the higher Eumy- 
eeles, even with the unassisted eye, will reveal something more 
than the existence of a more or less copious branching. It will 
soon be found possible to dissect the thallus into two parts (Fig. 
91), which though intimately connected serve entirely different 
purposes : one, known as the mycelinm, having chai-ge of the 
nutrition and maintenance of the individual plant ; whilst, on 
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the other, or organ of fhictiflcation, devolves the task of repro- 
duction, and therefore the maintenance of the species. This 
latter organ develops special cells or spores, which are mostly 
globular or oval, and from each of which under favourable 
circumstances, a new individual of the same species can be 
produced. 

The mycelium may therefore be defined as the portion of the 
thallus spreading in or upon the nutrient medium and extracting 
nutriment therefrom. It proceeds from a spore. As soon as 
this latter comes under the influence of circumstances favourable 
to its germination, it absorbs water and other nutrient materials 
from the surroundings, swells up more or less, and usually puts 
forth one or more tubular buds (Fig. 92). These continue to 
develop in two directions, increasing in 
length, and forming lateral branches which 
in turn continue to act in like manner The 
name hypha is given to each of these branch- 
ings, and the whole group of hyphoe that have 
resulted from a single spore and serve to 
nourish the individual plant in question, is 
called the mycelium. The spore may also ^^'^^'7 "^^'°***® ^ 
germinate by the process of gemmation which has already put 
described in § 2 1 9. In some fungi the spores ^^^ (Iju^B^efJi.)^' 
can only germinate in the one manner, whilst 
in others the germination is restricted to the other type. The 
mycelium, in order to fulfil its task, must continue to penetrate 
towards more remote portions of the nutrient medium ; and 
accordingly, the hyphae must progressively increase in length. 
Now this growth is confined to the apex of the hyphae, i.e. the 
part farthest from the centre of development. On the other 
hand, the parts nearest that centre quickly cease to extend and 
branch ; consequently, the Eumycetes exhibit acrogenous growth. 
This behaviour constitutes another feature of difference between 
Eumycetes and Schizomycetes, since, in the latter, the growth of 
the cells is not restricted to one end only, but proceeds by the 
extension of the whole body. 

Examination of the mycelia of a large number of species of 
Eumycetes, under a power of about 100 diameters, soon leads to 
a separation of these specimens into two groups : the one com- 
prising species whose mycelium, however large and extensively 
branched, consists of only one single cell ; whilst the other 
group contains the species wherein the mycelial hyphse are sub- 
divided into cylindrical parts of variable length by transverse 
walls (septa) perpendicular to the longitudinal axis. This fun- 
damental and highly important difference constitutes the chief 
basis for the separation of the Eumycetes into two main sub- 
divisions: Eumycetes with a unicellular mycelium on the one 
hand, and Eumycetes with a septated mycelium on the other. 
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In mycelial structure and several other particulars, the members 
of the first subdivision bear a remarkable resemblance to certain 
unicellular algsB, for which reason they have received the name 
Phycomycetes, or algic fungi. On the other hand, the Eumycetes 
of the second group, with septated mycelia, bear the group- 
name Mycomycetes. In comparison to the others these latter 
stand on a higher plane of development, and are almost exclu- 
sively aerial ; whereas the majority of the Phycomycetes still 
incline to subaqueous existence. The following scheme will 
easily fix the foregoing classification in the reader's memory-: — 



Vegetable 
Kingdom " 



Cormophyta 

[Algce (prodacing 
chlorophyll) 

Fwngi (Mycetet) - 
(not prodacing 
chlorophyll) 



ShcMophyta 



'Eumycetet (Aero 
genons true' 
branchings) 
Sehizomycetet 
JFission fangi) 



'Mycomycetes 
(septated 
mycelium) 

Phycomycetes 
(unicellular 
mycelium) 



§ 218,— The Typical Mycelium. 

We will now consider the development of the mycelium 
of a Mycomyces from its spore, Fig. 93 helping to make this 
clear. Soon after the tubular buds have sprouted from the 
spore, a septum forms between the spore and each of the 
buds. The tube then increases in length, and develops in 
its interior a septum which divides it into two cells, the 
one nearer the spore (or centre of growth) being termed the 
inner cell, whilst the outer one is called the terminal or 
crown cell. Now, whereas the inner cell ceases to increase in 
length the crown cell continues to grow longitudinally, and in 
turn develops a septum, whereby an inner cell (of the second 
order) is again formed ; and this operation is repeated at con- 
venience. Meanwhile the inner cells are not inactive, since,, 
although they do not increase in length, they throw out lateral 
projections, which develop into branches separated from the 
inner cell by septa. These branches grow longitudinally, and 
separate into a crown cell and a secondary inner cell by develop- 
ing another septum, an operation repeated by the crown cells a& 
often as external circumstances will admit. This faculty of the 
inner cells of the first order is also shared by those subsequently 
formed, so that we have lateral branches of the third, fourth,, 
and other orders. The whole of these hyphse or mycelial threads 
together constitute the mycelium. The serial order in which 
the inner cells begin to throw off lateral branches is, as a rule,, 
in accordance with their age, the oldest starting first. Conse- 
quently, the development of the mycelium proceeds laterally 
from the spore (the " basis ") towards the periphery or apex of 
the mycelial thread, such a mode of growth being termed basi- 
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fligal or acropetalous. Again, the lateral position of the branches 
in question is, as a rule, very uniform ; those from the inner 
cells of odd-numbered orders all branching from one (e.g, the 
left) side, and all those springing from inner cells of even- 
numbered orders appearing on the opposite (e.g, right) side of 
the respective inner cells. When the branching from any given 




FIG. 93.— Mycelial development of a Mycomyces (the ordinary bread mould, 

PeniciUium glaucv/tn). 

A, the ripe spore. B and C, the same, with respectively one and three tubular oflf- 
shoots. In D each of these has become separated from the spore by a septum, a. In 
E each tube has become divided by the formation of a second septum, «', into a terminal 
cell (e) and an Inner cell (6), whilst branching has commenced in two places. F shows 
each of the three tubes developed into a main branch (I. to III.), which in turn has 
thrown out lateral branches of the first to the third order (i, 2, -i). Matcn. 400. (After 

cell is confined to a single lateral offshoot the system is termed 
monopodial, the main and branch cell together being called a 
monopodium. 

The progress of mycelial development in a Phycomyces natu- 
rally differs from that just described, inasmuch as no septa are 



6 ^GENERAL MORPHOLOGY. 

fonnud under normal circumstances; consequently there is, in 
this case, no separation of the elongating tubular bud into inner 
and crown cells. In such event the resulting mycelium consists, 
as already stated, of a single, many-branched, tubular, non- 
septated cell, such as is shown in Fig. 91. 

The foregoing statement that the inner cells do not play any 
further part in the mycelial growth of the Mycomycetes, inas- 
much as they neither extend in length nor develop septa, may be 
taken as the rule. There are, however, exceptions, septation, 
accompanied by elongation, frequently occurring within the 
inner cells in the event of abnormal conditions of nutrition. 
This phenomenon is termed intercalary growth, or intercalary 
septation, to distinguish it from acrogenons growth. 

If, in the absence of external causes of hindrance, the growth 
of the mycelium is able to proceed equally in all directions, a 
stellar system of radial, branched threads, with the spore as a 
centre, is the result. This form of growth was termed a typical 
mycelinm by Zopf . The practical worker in a mycological labo- 
ratory can obtain such typical mycelia in a youthful condition, 
and consequently easy to survey, if he re-examines, after a lapse 
of one or two days, the plate cultures (§85) that have already 
been examined for the purposes of mycological analysis (e.g, of 
water, milk, beer). During the first inves^gation the spores of 
all kinds of mould fungi from the air will have settled on the 
solid nutrient medium, each of them then germinating to form 
a mycelium, and thus yielding, as it were, a self-prepared 
culture. 

Mention must here be made of one of the various instances 
of irregular mycelial development, since it will have to be re- 
ferred to on a subsequent occasion : this is the phenomenon of 
intergrowth. It is caused by one of the cells in a mycelium 
putting forth a branch into the interior of an adjoining cell, so 
as to displace the intervening septum. The invader may then 
become divided into cells within the plasma of the invested cell, 
with the result that an inexpert observer may easily be led to 
believe that endogenous spores are present. An example of 
this growth is represented in Fig. 94. Another will be found 
in a later section dealing with Dematium pullulans, and a third 
in the case of Oidium Ludwigii Hansen, occurring in mucilaginous 
discharges from trees (§ 248), and investigated by W. Holtz (I.). 
This was probably also the method of formation of the alleged 
spores observed by Edm. Kayser (Y.) within the hyphse of an 
unknown mycelial fungus isolated by him from fermenting pine- 
apple juice. Intergrowths also occur in the sporangia of several 

fungi. 

In the case of a large number of fungi, the development of 
the mycelium ceases with the formation of the branched hyphae, 
the ensuing process being the elaboration of organs of fructifica- 
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tion. Fungi exhibiting this class of simple mycelial structure 
are classed under the generic name Hyphomrcetea or Thread 
Fnngi. The term Hucediiue, occurring in the French and English 
literature, expresses about the same '^ing. It may be remarked 
in passing that several botanists, e.g. Strasburger, Noll, Schenck, 
and Schimper, in their botanical text-book, employ the name 
Hyphomyeeteg in a far wider sense, namely, to include the whole 
of the Eumycetes, the reason for this being that the production 
of hyphffi is characteristic of these fungi, and constitutes a funda- 
mental distinction between them and the other divisions of the 
fungus family, the Scki'zomycetes in particular. Nevertheless, in 
the following pages we will apply the term in its more restricted 
sense. 

In many of the other classes of Eumycetet, the development of 
the mycelium does not cease at the stage we have described as 
the typical mycelium, but extends further, to the production of 
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aggregations, of the forms known as mfcelial threads and 
mycelial fllms. A combination of these two forms constitutes 
the large bodies known in colloquial language as " mushrooms " 
or " fungus " ; the botanist, however, terming them iUngoid 
bodies. The capacity of forming such bodies, upon or within 
which the organs of fructification are situated, Is confined to the 
most highly developed species of fungi. An example is given in 
Fig. 95. This, however, is only one variety {though appearing 
in numerous modifications) of the coalescence and intertwined 
growth of byphte, another form being that of the so-called 
BClerotium or haxd mycelium. The well-known ergot of rye, 
which will be more closely described in the last section but one, 
forms an example of a sclerotium. This is constructed of closely 
intertwined hyphfe, furnished with a, store of nutrient material, 
and constituting a hard permanent farm, which, after a variable 
period of quiescence, amikens to active life, puts forth organs of 
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fructification, and ia then able to await and utilise the 
of faTourable conditions, in order to effect the reproduction of the 
individual fi'om which it has originated. An observation on the. 
artificial production of such permanent forms has been communi- 
cated by J. Bay (I.). Among the foodstuffs accumulated in the 
cells of the sclerotium, special im- 
portance attaches to glycogen {§ 253) 
as the source of easily liberated 
chemical energy and abundant dia- 
engagement of heat. This substance 
was first observed — without, how- 
ever being specially named — by 
A DE Baby (1.) in the sclerotium of 
Ciprinue ffereorarius ; and it was 
afterwards found, by W. Rothebt 
(I ) in that of Sclerotium hydro- 
} hilum. A thin section of scler- 
otium or of a fungoid body — both 
of which are, as already stated, com- 
posed of a network of hyphae — 
exhibits uader the microscope an 
appearance similar to that of the 
parenchyma of higher plants, e.g. 
a section through the flesh of an 
apple On account of this similarity, 
these networks of hyphse have re- 
ceived the name pseudojiareneJiyma, 
which, however, is not intended to 
expressany further likeness, whether 
in re&pect of the mode of forma- 
tion or physiological purpose. It is 

. _ _, I perhaps superfluous to emphasise 

n^Tof Brew's **>**' *'i^ mycelia of this class of 
UsgD 00. (A/ur Stria fungi consist merely of hyphs when 
in the earliest stages of existence 
and consequently at such times are indistinguishable in this 
respect from the mycelia of the Hyphmiyceteg. 
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9.— The Gemmating Mycelium. 

"typical" to a mycelium growing 
) preceding paragraph, indicates 
the possibility of other methods of growth, manifesting them- 
selves as modifications and simplifications of this form. Of 
these the most important, from our point of view, is the 
ganunating mycelinm, the development of which proceeds in the 
following manner (Fig, 96) : The germ cell, or mother-cell, puts 
forth a protrusion which, however, instead of enlarging to a tube 
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as in the case of the incipient typical mycelium, assumes a form 
resembling that of the parent-cell and therefore termed a bud. 
The daughter-cell then becomes divided from the parent by a 
septum, which subsequently splits into two layers and enables 
the two cells to separate. In many instances the parent-cell 
puts forth only a single bud, but in others two or more. As soon 
as the daughter-cell has attained the size of the parent, it is 
then able to behave in turn like the latter, and itself put forth 
a bud (of the second order), from which again proceeds another 
bud (of the third order) and so on. 

If the parent-cell — as is the case, for example, in most 
kinds of yeast — be globular, 
oval, or lemon-shaped, the 
daughter - cell will also 
usually be of similar form, 
and is then termed a short 
bud. Such globular buds 
are referred to in the older ^„ ^ ^ ^. , ™, ^ 1 , t> ^ 

,., , , , . ,, Fio. 96.— Gemmation of a Tortula in Beer wort. 

literature (and occasionally ^^ „„^ „, ^^^ ^^„, ^ j^^ p„, ^^ , 

even now) as Spnencal tiny bud. At the end of T^ hours (6) this has 
•wr^^f*- «v^r^»yN ^»«u-;^«,^l«»K, ;« become considerably larger. After another 

yeast, more particularly m ^^^ j,^^„ j^ ^as grSwn to half the sim of the 

the case of Mucar. If, on parent ceil, and has already separated from the 
j.i_ j_T- i_ J xi- 1. latter. Magn. looo. (After Hansen.) 

the other hand, the parent- 
cell be of elongated form, the daughter-cells issuing therefrom 
will preferentially develop in a longitudinal direction from 
the start, and thus form elongated buds. Most of the species of 
Mycoderma afford examples of this type. Fungi with gemmat- 
ing mycelia of this kind are therefore, in this respect, inter- 
mediate to the fungi with typical mycelia. 

The above-mentioned double stratification of the septa 
between the cells produced in the foregoing manner, permits 
these cells to enjoy an independent existence, and consequently 
enables them to be separated from one another. In many 
instances this actually occurs, and consequently the nutrient 
medium wherein this takes place, will exhibit a compai-atively 
large number of single cells. Conversely, in other instances, the 
successively developed buds remain connected together, forming 
a cellular aggregation (Fig. 97). In the older literature, such 
aggregations, when composed of globular cells, and therefore 
resembling a series of small knots (Lat. Torula), were generally 
named TorulsB. This was afterwards employed as the generic 
name for a number of species, some of which are capable of 
exciting alcoholic fermentation and will be described in a later 
section. An example of these is given in Fig. 98. 

The form of the gemmae from one and the same species is also 
dependent on the temperature and the conditions of nutrition, 
as has been shown by E. Ch. Hansen in the case of beer yeasts 
and wine yeasts. These, when submerged in beer wort, develop 
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mycelia constructed of short gemmae ; whereas, whea caltivated 
on the surface of the liquid, and therefore in presence of abund- 
ance of air, they form mycelia composed of elongated buds. 
Further particulars of this will be found in § 146. 

The formation of mycelia composed of gemme was first 
observed in the case of yeast fungi, and was regarded as a 
method of development peculiar to these organisms. Bail (I.), 
however, in 1857, showed that this phenomenon also appears in 
certain species of Mtteor (see Chapter xliv.) when submerged in 
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a nutrient solution containing sugar. For more precise ob- 
servations of this phenomenon in the case of Mvcori, we (are 
indebted to Brefeld (XVI.). With Miicor raaemosus, the 
carbon dioxide collecting in the nutrient fluid acts upon the 
cells, by which it has been produced, in such a manner that 
the latter put forth none but spherical gemm^, and therefore 
grow, not to a long and many-branched, unicellular mycelium, 
but to one composed of stumpy gemmse. On the other hand, 
Muc&r mucedo treated in the same maimer does not produce 
similar gemmae, though, according to Brefeld (XTI.), its spores, 
when placed in a nutrient solution rich in citric acid, swell up 
to large globules from whence proceed a number of similarly 



THE GEMMATING MYCELIUM. ii 

formed daughter-cells, which, however, finally perish. Numerous 
other fungi are also credited with the same capacity. 

Now, all the Eumycetes capable of forming mycelia of this 
description can be divided into three groups. To the first 
group belong all such as, under normal conditions of nourish- 
ment, develop exclusively in the form of mycelial aggregations of 
gemmse. They are therefore known as budding fungi. This group 
comprises, without exception, all the Saccharomycetes concerned 
in the fermentation industries, together with the MycodermcBj 
Torulce, &c. The second group consists of such Eumycetes as, 
under normal conditions, are equally well able to develop either 
a filamentous mycelium, or one of gemmae. These organisms 
also are occasionally termed budding fungi, examples of the 
class being afforded by certain species of Monilia (Fig. 99), 
Dematium, and others. Finally, the third group includes all 
the fungi which usually produce a filamentous mycelium, the 
other form being only developed under abnormal conditions of 
nourishment. To this class belong certain species of MucoVj 
such as Mucor racemosus, M. tetiuis, M, erectvs, M. fragilis, M, 
spinostiSj M. amhiguus^ M, circinelloideSy M, altei'nans, and 
numerous others. 

However, the term " budding fungus," applied to any fungus 
on account of the above-mentioned behaviour, does not, in general, 
convey any definite information with regard to the position of 
that organism in the botanical system. As a matter of fact the 
species included in the group of budding fungi belong to very 
different families of the fungus kingdom. 

With regard to the anatomy and chemistry of the Eumycetes 
cells a few general observations may be made in this place. 
Naked cells, i.e. cells destitute of membrane, occur (as motile 
spores) in only two — for us unimportant — sub-groups of Hypho- 
mycetes, viz., the Chytridiacece and Oomycetes mentioned in sub- 
sequent paragraphs. Full information in connection with their 
chemical character will be found in Chapter xl. As in other 
cases, so also with the Eumycetes, the cell contents (plasma) can 
be divided into the nucleus and the cytoplasma with its in- 
clusions. From the general study of cells, as treated in all 
botanical hand-books, and more particularly in A. Zimmebmann's 
monograph (III.), the reader will be aware that every normal 
living vegetable cell contains at least one nucleus. This was 
first discovered by Kobebt Bbown (I.), who, in 1831, found 
nuclei in the cells of higher plants, whereas their presence 
in the cells of fungi was only ascertained by Fb. Schmitz in 
1879 (I.). It was subsequently found that the mycelium of 
Hyphomycetes is, without exception, rich in nuclei. On the other 
hand the mycelial cells of Mycomycetes contain either only a 
single nucleus (as in the Saccharomycetes), or several, as is the 
case, e,g, (according to Fb. Schmitz (II.)) with the mycelial 
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Fig. 99.— Monilia Candida. 
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cells of Penicillium glaitcum, and those of the sclerotial medulla 
of Glavieeps jmyyui-ea, which contain one, two, or more nuclei ; 
and the mycelial cells of Peziza conveocula contain several nuclei 
throughout. The active part played by the cell nuclei during 
the development of the mycelium, sporulation, and germination, 
has been more closely investigated by G. von Istvanffi (I.)). 
The reproduction of the nucleus by fission (§ 46) is mostly direct 
among the Eumycetes (e.g. Penicillium). Nevertheless, cases of 
karyokinesis have been observed, first by Sadebeck (II.) and 
afterwards by FiscH (I.). Istvanffi was unable to discern any 
fusion of the nucleus, as recorded by Strasburger, Zopf , and Fisch, 
in the formation of the oogonia of the Oomyeetes (see § 220). It 
may be mentioned that the same observer also ascertained that 
the size of the cell nuclei in one and the same species varies in 
accordance with the importance attained by the corresponding 
parts of the thallus. Fuller particulars respecting the anatomy 
of nuclei, especially those of yeast cells, will be found in § 250, and 
on the chemistry of the subject in § 252, these details supple- 
menting in more than one point those already given. No in- 
vestigation seems to have, as yet, been conducted with regard to 
the presence of centrosomes in fungi, i.e. those organised con- 
stituents of cell plasma which, of late years, have become so 
important in the cellular physiology of animals and the higher 
plants. 

Observations of a general character in connection with the 
anatomical structure of cytoplasm, and the chemical constituents 
of which it is composed, will also be frequently encountered in 
the following chapters. 

Many of the Eumycetes exhibit brilliant colouring. Full 
particulars regarding the colouring matters concerned, will be 
found in Zopf's (X.) hand-book ; and these may be supplemented 
by the following reference to a technical utilisation of one of 
these fungous pigments. To impart a red colour to rice wine, 
to various spirituous liquors, bread, cakes, and to the fish held in 
such high esteem (under the name of Macassar or red fish) in 
the Malay Archipelago, the Chinese employ a colouring matter 
extracted from a red HypTiomyces, which they cultivate on 
boiled rice. The fungus grows with vigour on this medium, and 
imparts thereto a red coloration ; and the dried cultures, to 
which a preservative addition of arsenic and mustard oil is made 
at the time of preparation, form an article of commerce under 
the name Ang-Khak. C. Went has named this fungus Monascus 
piirpureus, and identified it as a member of the Thelebolea 
family of Ascomycetes (§ 220). The red colouring matter was 
first examined by H. C. Prinsen Geerligs (IV.) ; and W. G. 
BooRSMA (I.) afterwards found that two red dyestuffs, a-Oryzae- 
Rubin and j^-Oryzse-Rubin, can be extracted from Ang-Khak, in 
which they are jointly present to the extent of about 1.6 per cent. 
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§ 220.— Fruetifleation by Sporangia. 

The separation of the thallus into two portions : the mycelium 
on the one hand, and the organ of fructification on the other, 
can be readily found in all Eumycetes of anything like a high 
stage of development; though in the lower members of the 
system they are only very indefinite ; and may even be entirely 
absent, in which case the mycelium itself is converted into an 
organ of fructification. 

The chief function of the organs of fructification is the pro- 
duction of structures capable of developing into new individuals 
of the same species as the parent organism. In the case of 
fungi these structures, which consequently serve for direct pro- 
pagation, are termed spores ; and, in accordance with the method 
of their production, are divided into four groups :— 

(i) Endospores, or Oontdta, 

(2) Zygospores, 

(3) JSocosporeSj or Conidia, 

(4) Chlamydospores, or Gemnice, 

Setting aside, for the present, the fourth group, which occu- 
pies a position apart, it may at once be stated that, in all the 
more highly developed Eumycetes, spores of the other three 
groups are produced by a special organ, which branches off from 
the mycelium as a fruit-bearing stem: the aerial hsrpha. 
According to the species of the fungus and the external con- 
ditions, each of these stems may produce either one or more 
spores. 

To take first the case of the Endospores : these, as the name 
implies, are formed within the fruit-bearing organ, or a special 
part thereof. Except in the very lowest species of endosporo- 
genic Eumycetes, in which the mycelium itself is converted into 
an organ of fructification, and its contents into spores, the pro- 
cess takes its course along the following main lines : an upright, 
aerial hypha (see Fig. 91) branches off from the mycelium, and, 
as it proceeds to attain full growth, enlarges at the upper ex- 
tremity to a usually spherical or bottle-shaped bubble : the 
sporangium, so called because in it the spores are formed. Be- 
fore this happens, however, a septum is developed between the 
sporangium and the aerial hypha, which wall, in many cases, is 
not straight but curved, and projects some distance within the 
sporangium, as though actually an enlargement of the tip of the 
hypha. In some instances it assumes the form of a short pillar 
(Fig. 100), on which account it has received the general name 
columella. The endospores are then formed, as free cells, out of 
the contents of the sporangium, either the whole of these con- 
tents being drawn upon for this purpose, or only a portion as in 
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the case of the Mucors (§ 236). Fig. 100 represents a ripe 
eporaDgium filled with epores. 

In one of the three classes of Phy corny eetei, namely the 
Oomycetes, two kinds of sporangia, difiFering in structure and 
behaviour, are produced. The members of the one kind are 
termed zoosporangia, or motile sporangia, their (naked) ciliated 
spares issuing forth on the rupture of the sporangium, where- 
upon they are known as zoospores. In the other kind of 
sporangia there are formed — as the result of sexual fructifica- 
tion—large, tough-walled, quiescent spores to which the name 
oospores is given. Hie capacity of producing sporangia of this 
latter kind, which are known as oogonia, belongs exclusively to 
the Oomycetes, and is their distinguishing 
character ; whereas, on the other hand, 
Boosporangia and zoospores are found even 
in the second (lowest) class of Phycomy- 
eetee, viz. the Ghylridiaeete. Zoospores 
occur only in these two classes, the genera 
of which are sub-aqueous in habit, either 
exclusively or during a certain period of 
their existence. On the other hand, the 
third class of Phycomycete»- — the Zygomy- 
cetes — being preferably adapted to an aerial 
existence, is without these consequently 
unnecessary organs. Still less are the latter 
required by the more highly developed My- 
comycetes. '£,\riAft^'E^Sd.)"^ 

It will be found of great utility to 
examine how far sporangial ftuctiflcation extends throughout 
the Eumycetes. In the members of the lower sub-kingdom, the 
Phyaomycetea, the faculty of producing endogenous spores is 
universal. On the other hand, this faculty is present in only 
a single class of Mycomyretes, namely the Ascomycetes, or tube 
fungi, so called because the sporangium assumes a particular 
form, to which the name ascus (or tube) has been given. The 
ascus differs from the sporangium, of which it is a higher develop- 
ment, both in exhibiting a more definite form, and also in the 
number, shape, and method of formation of the contained spores 
(ascospores). Fuller particulars on this point will be given in 
§ 243 ; since the majority of yeasts are Ascomycetes, and there- 
fore require more thorough consideration. 

The information already given renders it possible to enlarge, 
as follows, the scheme laid down in g 217 for the subdivision of 
the Eumycetes ; — 
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The cause of the upward growth of the aerial hyphae — both 
those bearing sporangia, and those putting forth the conidia to 
be described later on — ^has already been the subject of repeated 
investigation. What is it that causes these hyphae to raise 
themselves from the mycelium and extend vertically upwards ? 
In accordance with its destiny, the aerial hypha draws on the 
rich store of material in the mycelium, for the purpose of 
producing spores and filling them with an accumulation of 
matter. This material, being taken up in the dissolved state, 
needs to be freed from solvents in order to secure its deposition ; 
and the process can only be carried out on a large scale in an 
environment comparatively poor in moisture, a condition that is 
only fulfilled above^ but not toithtn, the aqueous or damp nutrient 
medium. Consequently the fruit-bearing aerial hyphae grow 
upwards into the air. This turning away from water is termed 
negative hydrotropism, and was first recognised, by J. Woetmann 
(XIV.) in 1 88 1, in the aerial hyphae of Phycomyces nitens. 
Communications on the same point having also been published 
by L. Eerera (IX.), the above-mentioned state of things was 
afterwards recognised by G. Klebs (I.) on the basis of his 
researches on the conidiferous hyphae of Aspergillus {Eurotium) 
repens and the sporangiferous hyphae of Sporodinia grandis. That 
other functions, such as heliotropism (see § 233), may be mani- 
fested concurrently with negative hydrotropism is a matter of 
course. In connection with the dependence of sporangiation 
upon the conditions of nutrition, thoroughgoing investigations 
were conducted by Klebs (I.) on Wiizopus {Mucor) stolonifer; and 
this worker ascertained the definitive factor to be the percentage 
of moisture in the superincumbent atmosphere. J. Bachmann 
(II.) then showed that Mortierella van Tieghemii (see § 237) 
produces spores only when sown on a solid (not liquid) nutrient 
substratum, and then only provided the temperature does not 
fall below 20** C. 



§ 221.— Fructification by Zygospores. 

Zygospores are the result of the encounter of two hyphae, or 
the fusion of two cells, and are produced in the following manner 
(Fig. 1 01). Two of the mycelial hyphae coalesce, the crowns 
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simultaneously swelliog up io the shape of a club confining a 
considerable accumulatioo of plasma. As soon as the ends of 
the two hyphsB come into contact (1) they flatten and an inter- 
growth of the membranes occurs at this spot, whereupon a septum 
is developed in each of the 
clubbed ends, which are 
thereby separated from 
their respective hyphe. 
Each is thus divided into 
two parts : a terminal 
cell, to which the name 
copnlatioD cell or gamete 
is given (2 a), and an 
interior cell, or sospensor 
(2 b) supporting the 
gamete. The partition 
wall between the two 
terminal cells is then 
absorbed, and the con- 
tents of these latter fuse 
to form a new, uniform 
structure : the zygospore 
or z7gota (3 a). At first 
the outside still continues 
to present the appear- 
ance of two cells, but the 
contour soon becomes 
rounded oS. The mem- 
brane thickens and ex- 
hibits a separation into 
an inner (endosporium) 
and an outer case {exo- 
sporium), the latter turn- 
ing very dark in colour J 
and becoming lumpy or 3 
warty on the outside. 
The cell contents sur- ^ 
rounded by the endo- 
sporium contain large quantities 
material. 

Sooner or later the zygospore becomes detached from the 
suspensors, and then leads a separate existence. Being a resting 
cell it can, if necessary, remain quiescent for a considerable time, 
and then germinate on the recurrence of favourable external 
conditions. 

The production of zygospores in the manner just described 
hasbeeuregardedbysomemycologistsas asexual process; whilst 
other workers contest the admissibility of such an hypothesis. 
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Whichever ia right, one thing is certain, namely, that a structure 
very similar to a zygospore can be produced without cell fusion 
of the kind described. In such event the resulting body is 
called, for the sake of distinction, an azygospore or paxtheno- 
spore. This kind of spore can be formed in several ways, one 
of them differing from the foregoing merely in that the partition 
between the gametes is not absorbed, and consequently no fusion 
of the cell contents takes place, each gamete ripening apart to 
form a spore ; i.e. two azygospores are produced. An example of 
this type is given in Fig, loz (a). In other instances, however, 
the process is further simplified, inasmuch as no contact occurs 
between the two club-ended hypha, but each (or one) of the 
gametes (6, Fig. 102) develops of itself into an azygospore. In 
still another instance, even the endeavour of two hyphse to 
approach one another is absent, the azygospores forming quite 




alone and independently at the extremities of branches ; an 
example of this method of sporulation is afforded by Mvcor 

tenuis (g 23s). 

Ehrenberg, in 1829, was the first to observe zygospores, the 
organism examined being Sporodinia gi-andU (§ 235), wherein 
these spores attain a diameter of about 0.35 mm. It was not, 
however, until 1864 that the method of production and germina- 
tion was made clear by the researches of A. de Baky. Seven 
years later, Brepeld (I.) established the new order (class) of the 
Zygomycetes, comprising all the fungi capable of producing 
zygospores. These are all, without exception, Pkycornycefei. In 
addition to this faculty, which distinguishes and separates them 
from all other fungi, the different genera of the Zygomycetes 
have, io common, various other properties which reveal their 
mutual relationship and therefore justify their classification into 
a special group, aa expressed in the scheme drawn up a few 
pages back. This class of the Zygomycetes is the only one among 
the PhycomyrMet that possesses any importance for the fermenta- 
tion industries ; it will be found treated in Section xL 

The conditions under which the formation of zygospores 
occurs must not be left out of consideration, since they show 
that, here as in other cases, the development of fungi, like that 



FRUCTIFICATION BY ZYGOSPORES. 19 

of other living organisms, is the result of two factors ; inherited 
properties and the sum of external active forces. The statement 
that zygospores are encountered solely in the class of the Zygo- 
mycetes does not imply that these fungi rely exclusively on the 
organs in question for their reproduction. On the contrary, 
this method of reproduction is rare, the ordinary and most 
frequent method being by sporangial or conidial fructification, 
as will be more specifically shown in Chapter xliii. At 
present we will consider the influence of external conditions on 
the occurrence of one or the other method of fructification. In 
the case of Sporodinia g^'andis, G. Klebs (II.) has shown the 
principal factor to be the proportion of moisture in the surround- 
ing air. When this approaches the limit of saturation, zygospores 
alone are produced ; but on the moisture being diminished, 
sporangia are formed as well ; and finally, the latter are ex- 
clusively produced when the relative moisture has fallen to 
about 65 per cent, so that active transpiration can occur. The 
chemical composition of the nutrient substratum is also of influ- 
ence, more particularly in that, in presence of an excess of 
nitrogenous substances, sporangia alone, and no zygospores, are 
formed, the last named requiring the presence of suitable carbo- 
hydrates for their production. It is therefore particularly 
interesting to observe how decisively this fungus discriminates 
for this purpose between individual isomeric substances. Thus 
zygospores are produced when the available carbohydrate consists 
of manite or dulcite (C^Hj^Og), dextrose, levulose, galp^ctose 
(CgHjgOg), saccharose, maltose (CigHggOjj), or dextrin; whereas 
sporangia alone are produced when the nutrient substratum 
contains one of the following carbohydrates : sorbite (CgHj^O^), 
sorbinose (CgH^g^e)* lactose (Ci2H220jj), raffinose, isodulcite or 
-erythrite. It has also been found that conditions adverse to the 
formation of zygospores favour that of azygospores. 

According to observations communicated privately by E. Ch. 
Hansen, the production of zygospores in Spo7*odima grandts (as 
well as in a hitherto undescribed species of Miccor) is not so 
strictly dependent on the fulfilment of such conditions, but 
occurs readily and without any special experimental preparation. 
On the other hand, it cannot, so far, be induced at all in the case 
of several other species of Zygomycetes. 

§ 222.— Fpuctiflcation by Conidia. 

The nature of this fructification and of its fundamental 
•characteristic of differentiation from sporangial fructification 
lies in the circumstance that the spores, instead of being en- 
closed in a cell, separate by constriction from the fruit-bearing 
stem (conidiophore) externally, and are therefore known as 
^xospores. In so far as the behavioTir of the conidiophore is 
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concerned the process may go on according to two different types, 
which are diagrammatically represented in Figs. 103 and 104. 
Let us first consider type I. with reference to Fig. 103. The 
upper extremity of the conidiophore, a, which has sprung from, 
the mycelium, puts forth (b) on its crown an enlargement, 
which then (c) becomes bounded by a septum, thus forming the 
first exospore. The conidiophore (d) then stretches a distance 
equal to the length of a spore, and (e) undergoes constriction so 
as to form a second spore. This operation may be repeated a 
second time (/, g), and even more often, thus forming a chain of 
spores (h), the topmost of which (i) is the oldest, and the lower- 
most (4) the youngest. The serial order of their production is 
arranged from the tip towards the base of the conidiophore, or 
the point where it branches from the mycelium ; and conse- 
quently the conidia are said to be basipetaL The ultimate 




¥lGk X03.— Diagrammatic sketch of the formation of conidia, according to type I. 

For explanation see text. (After Zopf.) 

length of the conidiophore is the same as at the outset no 
matter how many spores have been formed thereon. The sur- 
mounting chain of conidia breaks away very easily ; even a slight 
draught of air being able to bring this about, and thus distribute 
the spores in the form of a fine dust. Owing to their similarity 
to this latter the exospores have received a second appellation, 
and one by which they are more generally known, viz. conidia. 
(from the Greek Kovta = dust). An example of this type is 
afforded by the well-known bread mould, Peaicillium glaiicum. 

In contrast to the foregoing process, wherein the conidio- 
phore alternately increases in length and constricts to form 
a spore, is the second type, illustrated in Fig. 104. Here the 
conidiophore (a) ceases to grow in length as soon as the first 
spore (6) has been formed by constriction at the apex. This spore, 
when fully developed (c), puts forth a protrusion (tZ), which then 
grows to a second spore (e). This in turn continues the task of 
its predecessors, and consequently forms a third spore (f), which 
develops a fourth (f/), and so on. Hence, in this type, the serial 
order of production of the spores Qi) is the reverse of that in 
the first type, i.e. proceeds from the base towards the apex, and 
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is therefore basifugal or acropetal. In contrast to those of the 
first type these spores exhibit a capacity and tendency for throw- 
ing off spores laterally as well as from the apex, so that the 
operation, when repeated, gives rise to the formation of branched 
conidial clusters. An excellent example of this is furnished by 
Cladosporium herbarium^ which will be described in a later 
chapter. 

When first formed, each conidium is unicellular ; and in most 
fungi it remains so until germination occurs. On the other hand, 
in some species, the interior of the spores becomes divided into 
compartments by the formation of one or more septa. 

The production of conidia, especially those of the second 
type, will probably remind the reader of the process referred to 
as gemmation in § 2 1 9. In fact the sole morphological difference 
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FiQ. Z04.— Diagrammatic sketch of the formation of conidia, according to type II. 

For explanation see text. {After Zopf.) 

between the two processes is that the one occurs on vegetative 
organs and the other on organs oi fructification. If this differ- 
ence be obliterated and the mycelium itself, at a certain period 
of its existence, becomes an organ of fructification, then the 
choice of the terms, gemmating mycelium or conidial aggregation, 
for the resulting cells, becomes an arbitrary one. The term, 
" yeast conidium," occurring in the older literature, must be 
interpreted in this sense as mostly applying to budded cells 
articulated from Hyphomycetes, and capable, from their method 
of formation, of being regarded as conidia, as well as resem- 
bling in their (more or less ovoid) shape the majority of the 
yeasts. Such forms are found in the Dematium pulltdans, to be 
described in the last section but one, and also in many other 
fungi. 

Little attention has yet been devoted to the relation between 
the conditions of cultivation and the production of conidia. 
According to G. Klebs (I.), in the case of Eurotium {Aspergilltis) 
repens, the motive force is probably hyphal transpiration ; 
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and consequently a tendency to the production of spores is de- 
veloped when the mycelium is constrained to exert a certain 
force in order to extract the water from the nutrient substratum. 
According to C. Tanret (I. and II.), Aspergillus niger will not 
produce conidia when obliged to develop, at 30°-4o*'C., inaRaulin's 
nutrient solution containing 0.5 gram, or more, ammonium nitrate 
per 100 c.c, or larger quantities of the sulphate or chloride of 
this base ; whereas the process is stimulated by the presence of 
even as much as 2 grams of ammonium phosphate. Free acid, 
up to 0.4 gram per 100 c.c, is liberated from the first- named 
salts. At 20*'-2 2*' C, on the other hand, even as much as i gram 
of ammonium nitrate merely retards, without preventing, fruc- 
tification. Experiments in the same direction have been made 
by W. ScHosTAKOwiTSCH (I.), especially with Dematium jpullu- 
lans, as will be found in a later section relating to this organism. 
(See also § 229 and § 233.) 

In some fungi the conidiophores, instead of remaining sepa- 
rate, arrange themselves in parallel order, side by side, at an 
early stage, and thus unite to a fascicle, to which the name 
coremium has been given. In a still higher stage of develop- 
ment the conidiophores — compressed together like a palisade — 
and the chains of conidia thereon, are enclosed in a cover ; 
which latter is developed from the adjacent mycelium, may con- 
sist of one or more layers, and is closed on all sides when young, 
but afterwards opens to allow the ripened spores to escape. 
These forms are termed pycnides, an example of which is 
afforded by the secidia of corn mildew, Puccinia graminis^ 
which occurs in the form of red patches on barberry leaves, 
and, together with a number of similar parasites, constitutes 
the class of the Uredinoe or rust fungi. These latter, as well as 
the adjacent class of Ustilaginece or smut ftingi, do not come 
within the province of the present work, but are treated 
thoroughly in handbooks on plant diseases. Technical Mycology 
is concerned solely with certain genera of the Zygcmiycetes and 
Ascomycetes, the first named being dealt with in Chapters xliii.- 
xlv., and the others in succeeding chapters. 

It was stated in § 220 that sporangia make their appearance 
in two different principal stages of development, and that the 
higher of the two differs from the other by greater precision as 
regards the number, form, and dimensions of the endospores, 
produced in the sporangiimi (or ascus). A similar distinction 
may also be made in connection with the formation of conidia. 
Among the Eumycetes there exists a well-defined group of 
fungi, in most species of which the conidiophores exhibit con- 
stancy in respect of their form and dimensions, as well as with 
regard to the number and form of the conidia they produce. 
This fact has been expressed by the bestowal of a particular 
nomenclature, such conidiophores being termed basidia, and the 
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group of fungi Basidiomycetes. It includes most of the edible 
fungi (e,g. the mushroom). 

By introducing into the classification scheme laid down in 
§ 220, the further subdivision based on the peculiarities 
enunciated above, we obtain the following : — 

Classification of the Eumycetet, Class. 

Basidiom yeetet. 



Eumycetes. 



Uredinece, 
Ustilaginece. 



' MycomyceUt f<») "<^ f'^"'*'^ endogenousj^; 
(septate i spores y^^ 

mycelium) I (6) forming endogenousj^ AH<ymyceUi. 
^ spores • • • • • • I 

Phyc<mycet€8 ii^} ^^V"^ zygospores . . 5. Zygomycetes. 

(aseDtate - ^^ fo^^^^Q oospores ... 6. Oomycetes. 

[ mycelium) \(<^) M^^^ »^^*'^^«- ^yS'^'Xj. ChytridiacecE, 
•^ 'I spores nor oospores .j' ^ 

The statement that the formation of endospores is peculiar to 
only a single class of Mycomycetes, the Aacomycetes, must not, 
however, be taken to imply that the fungi of this class are ex- 
clusively reproduced by means of ascospores. On the contrary, 
emphasis must be given to the fact that the production of 
conidia also occurs in these fungi; hence this class is richer 
than the other three, as regards methods of fructification. 

§ 223.— The formation of Oidia and Gemmae. 

It frequently happens that the mycelium proceeds direct to 
the formation of conidium-like cells, without first producing 
conidiophores. In such cases the whole or part of the mycelium 
subdivides into short pieces, which are capable of subsequently 
germinating and thus playing the part of spores. When the 
mycelium in question belongs to one of the Fhycomycetes, it 
must, for this purpose, produce internally as many transverse 
septa as will correspond with the number of resting cells to be 
formed. This constitutes the exceptional case referred to in 
§ 218, where the occurrence of septa in the unicellular my- 
celium of a Phycomycetes can be observed under normal cir- 
cumstances. Special partition walls are also formed in such 
cases in the already septated mycelium of the My corny cetes. 
The formation of germinative resting cells by the breaking up 
of the mycelium, was first observed in the case of a fungus 
known as Oidtum lactis, which will- be more fully considered in 
a later section. The generic name of this fungus is now em- 
ployed to distinguish the resting cells in question, which are 
therefore called oidia. Their appearance is a very ordinary 
phenomenon throughout the entire realm of the fungi ; and it 
not infrequently happens that the whole of the mycelium is 
aifected, and undergoes conversion into a coherent chain of 
oidia (Fig. 105). 
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In some instances this articulation and formation of ger- 
minative cells goes a step farther in order to ensure the attain- 
ment of its purpose, inasmuch as the cells are formed into 
veritable resting cells, whereas, as a rule, the oidia cannot be 
characteiised as such, their powers of resistance being no greater 
than those of the mycelium from which they are elaborated. 
The conversion into resting cells may be effected by the 
thickening of the membrane of the oidia, and the absorption of 
nutrient material from the adjacent portions of the mycelial 
plasma, in consequence of which the cell in question increases 
in size. Owing to the large fat content of these cells, they 
strongly refract light, and thus show up with particular lustre 




Fia. X05.— Chlamydomucor racemosus Brefeld. 

Fragment of mycelium which has undergone conversion into chains of oidia. Magn. 
xaa {After Brefdd.) 

(like a cut precious stone (gemma) in a necklace) against the 
exhausted adjoining portions of the hypha. Such a cell is 
termed a gemma, chlamydospore, or brood ceU. They are 
more usually formed in the mycelial hyphas, but occasionally 
also appear on fruit-bearing stems, which have either fulfilled 
their true purpose or are in the act of so doing. An example of 
both instances is shown in Fig. 106. In each case the gemmae 
have been produced within the hypha, or conidium, and are 
therefore intercalary; though instances are known where the 
gemma is formed on the crown of an erect hypha, on which it is 
supported as by a stein, and is therefore known as a peduncular 
gemma. The first observation of the production of chlamydo- 
spores was made in 1885 ^y Oaspary (I.), who recognised them 
as a new method of fructification and gave them the name 
arthrospores, which, however, is no longer used in this sense 

(§ 55)- 

With regard to the arbitrary production or suppression of 

gemmse, certain experiments were made on Mortiei^ella van 

TiegTiemii by J. Bachmann (II.), who found that, in cultures on a 

solid nutrient substratum, concentration of the medium restricts 
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the production of sporangia and finally suppresses same, the for- 
mation of penuncular gemmae being correspondingly increased. 

The gemmae should not be confounded with mere swellings 
of the mycelium, the latter being distinguishable, in the first 
place, by the absence of the terminal 
septa and definite shape, and making 
their appearance as a result of un- 
favourable conditions of existence. 
Lopriore found them on the germina- 
tive tubes of Mvjcot mucedo — which does 
not produce gemmae at all — when the 
spores of this organism (placed in a 
suitable nutrient solution) were ex- 
posed to an atmosphere containing 60 
per cent, of oxygen and 40 per cent. 
of carbon dioxide. Esghenhagen (I.) 
observed similar malformations in cul- 
tures grown in excessively rich nutrient 
solutions, e,g, a 60 per cent, sugar solu- 
tion. According to M. O. Reinhardt(I.; 
they also occur in mixed cultures, as 
a result of the injurious effect, on one 
of the symbiotic organisms, of the meta- 
bolic products of the other. 

A fungus is said to be monomor- 
phous when the same is only known to 
fructify in one single manner ; whereas 
fungi exhibiting two or more methods 
of fructification are termed pleomor- 
phous. The Mttcorinece (§ 235) form a 
good example of pleomorphism, and the 
same occurs in the, to us, still more in- 
teresting Saccharomycetea, which latter 
always exhibit three different methods 
of fructification, viz. by conidia, gemmae, 
and endospores. Owing to their Pro- 
tean character, these organisms occupy 
a peculiar position in the general mor- 
phology of the fungi ; and in them we see, more than elsewhere, 
how the same organ can change its nature and undergo modifica- 
tion from one to another. According to the comprehensive 
researches of Hansen (XXVIII.), the yeast cell may serve (i) 
as a conidium, for vegetative reproduction; (2) as part of a 
mycelium ; or (3) as an ascus and therefore producing internal 
spores. Finally (4), the spore is capable of not only acting 
vegetatively (germinating), but also, under certain conditions, of 
becoming an ascus by forming spores (of the second order) in its 
interior. Compare § 248, 



Fio. X06.— Chlamydomucor 
racemosus Brefeld. 

On the right is a fragment of 
a mycelial nypha with six chla* 
mydospores. On the left a 
sporangium stem with five chla- 
mydospores ; on the crown of the 
columella are a few endospores 
togetiier with the remainder of 
the sporangial membrane, the 
bulk of which has been removed 
during the preparation of the 
specimen. Magn. 80. {After 
BrefeUL) 
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Among the EumyceteSy the oidia and gemmae are the most 
frequent varieties of fruit ; but this circumstance, coupled with 
the simplicity and uniformity of theii' structure, renders these 
characteristics almost entirely valueless as a basis of classifica- 
tion for the fungi, since this classification is mainly founded on 
differences in the occurrence, mode of production, and develop- 
ment of one or more of the other three reproductive organs 
(endospores, conidia, zygospores), in the species to be differen- 
tiated. Fungi wherein these organs have not yet been observed, 
or wherein the latter appear in a form which does not permit 
their inclusion in the existing system, are set apart in a special 
class as ** Fungi imperfecti," a term, however, expressing not 
incompleteness in the fungi themselves, but only in oru* know- 
ledge concerning them. A few of these species, e.g, the 
so-called Saccharomyces apiculatvs, certain Mycodemias, the 
Monilice, the Torulce, &c., fall within the province of the present 
work, and will be dealt with fully in the final Section. 



§ 224.— The Germination of Spores. 
Their Tenacity of Life. 

The spore is ripe when it has acquired the capacity of de- 
veloping into a new individual of the species from which it 
originated. The first stage of this development is termed ger- 
mination, and, in the case of endospores and conidia, is a com- 
paratively simple process. It has already been fully discussed 
in § 218, and illustrated in Figs. 92 and 93. Deviations from 
the main lines there laid down, however, sometimes occur ; and 
with one of these we shall later on become acquainted in the 
case of Sacchai'omyces Ludmgii, While previous separation 
from the parent plant is unnecessary for the commencement of 
germination in the. conidia, the endospores must have been set 
free therefrom by the decomposition or breaking down of the 
wall of the sporangium or ascus. More will be said on thia 
point in § 235. Special experiments by P. Lesage (III.) have 
placed beyond doubt that the development to mycelium of a 
spore germinating on a solid nutrient substratum proceeds the 
more rapidly and luxuriantly the higher the water-vapour ten- 
sion of the superincumbent air. 

The germination of the zygospores commences by the burst- 
ing of the episporium, and the extrusion of the endosporium, in 
one or more places, by the pressure of the swelling cell contents. 
When the zygospore is submerged in a liquid, the development 
is of a vegetative character, a mycelium being produced ; but 
when, on the other hand, the spore is exposed to the air, it puts 
forth (fructificatively) a fruit-bearing stem, which then produces 
spores in its turn. An example of both instances, in zygospores 
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of one and the same species, is given in Fig. 107. See also 
division 5 in Fig. 101. 

The same also applies, in many instances, to chlamydospores, 
i.e. these also may germinate in two ways : either vegetatively 




I, Vegetstiyel J germlmtlng .„ . 

i. Two rips bporanglB p1 ihia (ruit-bfiirtngitem, I 

\. Axygotpote. Magi. 90. (After F. wmTaixl. ) 



(After De Bary.) 



or fructificattvely. An example of a fungus possessing these 
properties is afforded by Chlamydomwor racemosvjs. The fructi- 
ficative germination of its chlamydospores is ropreseoted in 
Fig. loS. The vegetative germination of these resting cells 
waa first observed by Th. Bail (I.) in 1857, on species of 
Mueor, this worker at the same time making the important 
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discovery that the chlamydospores, when submerged, develop'to 
a budding mycelium, and not to the typical form. 

In most cases the germination of the oidia is purely vegeta- 
tive; it is illustrated in Fig. 109. In many fungi, certain 
MucorinecB in particular, they are, however, also capable of 
fructificative germination when placed under the same condi- 
tions as the chlamydospores. 

Tenacity of life, i.e. capacity for withstanding adverse con- 
ditions, is generally higher in spores than in the corresponding 




Fig. 108. — Chlamydomucor racemosus 
Brefeld. 

Chain of five chlamydosporeB, each of 
which has put forth a sporangiophore. 
The sporangium of d is still unripe ; whilst 
that in c is already destroyed, only the 
columella (e) and eight endospores being 
left. Magn. 120. {After Brefeld.) \ 




Fig. Z09.— Chlamydomucor racemosus 
Brefeld. 

Vegetative germination of a chain of 
eleven oidia. Magn. 8a {After Brefeld. ) 



mycelia. Bibliographical collections on this point are given by 
A. DE Bary (I.), W. ZoPF (X.), W. Pfeffer (III.), and others ; 
but only a few instances can be mentioned here. With regard 
to resistance towards drought and desiccation, the premier place, 
so far as is yet known, is occupied by the Anixiopsis stercoraria 
discovered and investigated by E. Ch. Hansen (XXVII.). The 
ascospores of this congener of ordinary bread mould proved still 
capable of germination after storage in a dry state for twenty- 
one years. The same observer also found life retained by the 
conidia of Aspergillus glaTicTis after sixteen years' quiescence, and 
by those of Aspergillus jiavescens for eight years (but not longer) ; 
whilst EiDAM (III.) found the conidia of Aspergillus fumigatus 
alive after ten years; Brefeld (IV.) those of Aspergillus flamis 
after six years; C. Wehmer (IX.) those of Aspergillus oryzce 
after more than four years, those of Aspergillus niger after about 
three years, and of Aspergillus Wentii after more than a year. 
Of course these findings do not apply to each individual spore of 
the species in question, the weaker specimens dying off at far 
earlier periods than those mentioned. With regard to the re- 
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sisting powers of the ascospores of Saccharomycetea, and the 
practical consequences thereof, more will have to be said in a 
later chapter. In the case of many fungi, the resting cells must 
remain quiescent for a certain period before they become capable 
of germinating. This applies particularly to the whole of the 
zygospores and oospores. On prolonged exposure to the air the 
contents of the spores gradually dry up, so that the membrane 
soon becomes wrinkled ; but immersion in water causes them to 
swell out and resume their plumpness. 

The power of resisting heat varies according as the heat acts 
on the fungus spores in the dry state (§ 76) or in presence of 
moisture; in the latter event they die off much more readily 
and speedily. Thus, it was shown by Pasteur that the conidia 
of Penicillium glaricum perish when diffused in a liquid at 100** C, 
whereas when moisture is excluded they will resist a tempera- 
ture of 120° C. for some time, though incapable of standing 
1 2 7" to 1 30" C. Further particulars under this head will be given 
in the paragraphs dealing with the moulds growing on bread, 
<fec., in a later section. 

Divergent opinions have been expressed as to the cause of 
the high resistance presented to dry heat by the spores of 
Eumyceies, E. Cramer (III. and IV.), on the basis of certain 
chemical analyses, ascribes this property to the high concen- 
tration of the cell contents, the residual water being insufficient 
in quantity to allow of the coagulation of the albuminoids. He 
found, for instance, about 61 per cent, of dry residue in the 
spores, but only about 12 per cent, in the corresponding my- 
celium ; though in the former the ash content (3.1 per cent.) 
was smaller than in the latter (11.3 per cent.). In view of the 
already emphasised dependence of the chemical composition of 
the micro-organisms (§ 36) on the nature of the nutrient sub- 
stratum, it is a somewhat risky matter to draw general conclusions 
from such analytical data. This also applies, be it remarked, to 
the results of the chemical analyses of the mycelia of Rhizopus 
. nigi^canSy Penicillium glaiicum, and Aspergillus niger (glaiccUrS ?) 
made by Marschall (T.). 

In respect of resistance to low temperatures, what has already 
been stated in § 61 applies also, in the main, to the spores of 
Eumycetes, On the other hand, the mycelia, especially when 
rich in sap, frequfently perish at a few degrees below zero C. ; 
e.g. according to Molisch (V.), that of Phycomyces nitens. 
Others again, such as pressed yeast, which is poor in water, will 
stand very low temperatures. 

As regards the resistance of the spores of Eumycetes towards 
poisons, the observations already recorded in vol. i. may be 
supplemented by reference to the works of O. Loew (II.), B. 
JoENSSON (I.), and F. L. Stevens (I.). 

We have now learned, in connection with the general mor- 
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phology of the Eumycetes, everything necessary to enable the 
following chapter to be readily intelligible. In the event of 
any reader desiring to learn more with regard to the structure 
of fungi in general, the handbook compiled by W. Zopf (X.) 
can be consulted, after which, he may profitably study the work 
of A. DB Bary (I.), which still — fifteen years after its first 
appearance — ^remains the standard work on mycology. The 
results of the labours of O. Brefeld, which in many respects 
were based on other fundamental views, are contained in a work 
published by F. von Tavel (I.). 

With regard to all concerning the general physiology and 
biology of the Eumycetes, the reader can rely on the first of the 
three books named. During the period of rather more than 
a decade that has elapsed since it was completed, the subject has 
made considerable advances in five different directions, viz. 
the chemistry of the cell membrane, the requirement of mineral 
nutrient substances, the stimulative influence of light, chemo- 
tropism, and the production of enzymes. These questions alone 
will be treated in the three following chapters of the present 
work, since it is no part of the author's purpose to supplant 
existing good books. Furthermore, the reader will quickly see 
that there has been no stringent limitation to the subjects 
cited, but that every opportunity has been taken in order to 
gain a general view during the necessary consideration of 
particular points. When presented in conjunction with the 
treatment of questions possessing visibly practical importance, 
certain general explanations will be more readily appreciated by 
the reader than if given at the commencement of the book, 
where they would either pass unnoticed or fail to interest. 



CHAPTEK XL. 

CHEMICAL COMPOSITION OF THE CELL MEMBRANE 

OF EUMYCETES. 

§ 225.— Cellulose. 

The question as to the chemical composition of the substance 
constituting the cell membrane of fungi, could not be agitated 
until some information had been gleaned in connection with the 
anatomical structure of these organisms. This condition was 
still unfulfilled at the time (1811) when H. Braconnot (II.) 
subjected certain edible fungi to lixiviation, and applied the 
name fongine to the residue obtained in this manner. Certainly 
this substance, the name of which was afterwards Latinised to 
fungine, was not a uniform body ; nor does the circumstance 
that it was then new, justify the assumption that Braconnot 
was the first to prepare the cell membrane of fungi in a pure 
state. During the fifties, Payen subjected various fungi to 
lixiviation with ether, alcohol, alkalis, and acids, and made 
ultimate analyses of the residues. In this manner he obtained 
figures which fairly corresponded to the formula CgHj^Og. Being 
unaware of the immense number of isomeric substances, all 
possessing this elementary formula, he deduced from his data 
the occurrence of pure cellulose in the fungi, and denied the 
existence of the alleged fungine. The same conclusions were 
formed in succession by Sgulossberqer and Dcepping (I.), as also 
by Fromberg — whose researches were reported by Mulder (IV.) 
— and by A. Kaiser (I.) in 1862. 

This hypothesis of the identity of the substance composing 
the cell membrane of fungi on the one hand, and that of higher 
plants on the other, was based more on prejudice than on 
the results of analysis, and necessarily fell to the ground on 
the discovery of various reagents giving peculiar and distinctive 
reactions with true cellulose : for instance, ammoniacal copper 
oxide, which was introduced by E. Schweizer (I.) in 1857, and 
dissolves pure cellulose without leaving any residue; zinc 
iodochloride, which was recommended by C. Njsgeli (VII.) and 
H. VON MoHL (I.), and gives a violet coloration; and finally 
iodosulphuric acid, which gives a blue coloration and was first 
employed by Schleiden. Soon after the introduction of the first- 
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named reagent, Fbemt (I.) showed that, in many cases (e,g, 
mushrooms), it is incapable of dissolving the cell membrane of 
fungi, and, consequently that the membrane is constructed, not 
of pure cellulose but of a substance (of unknown constitution) 
to which he gave the name metacellulose. A similar opinion on 
this point was pronounced by A. de Bary (III.), who gave ex- 
pression to his views by employing the name fongus-cellulose 
for the substance in question. In this connection mention 
should also be made of Mulder's observations on the behaviour 
of the membrane of yeast towards iodosulphuric acid. More 
complete particulars with regard to this class of cell membrane 
will be found in § 249. 

Very soon, however, doubt began to arise as to whether any 
special or peculiar character was really possessed by the so- 
called fungus cellulose. As far back as 1858 it was shown, by 
Carl Cramer (I.), that the solvent action of Schweizer's reagent 
on true cellulose was retarded, or even entirely prevented, by 
the presence of foreign incrustations in the membrane. Opinion 
then showed a tendency to favour the idea that the membrane 
of fungus cells contains a fundamental substance like cellulose 
— and to which Tschirch (III.) gave the name mycin — , but 
that this could not be detected by the aforesaid reagents owing 
to the presence of interspersed incrustations. This view was 
specially championed by K. Richter (I ). By his investigations 
on a series of fungi — including Secede comutum, Agaricus cam- 
pestris, and others wherein A. de Bary had observed the 
assumed fungus cellulose — this worker, in 1881, proved that 
when such membranes did not immediately give the reactions 
in question (especially with iodine), they could be induced to do 
so by steeping them for not less than a fortnight in a 7 to 8 
per cent, solution of caustic potash. The elementary composition 
of the membrane so treated, he found to correspond to the 
formula n{Cf^TL^QO^). 

Even this observation did not remain unopposed, the same 
hypothesis being urged against it that every investigation into 
the nature of the cell membrane has had to contend with ever 
since the days of Payen, namely, the question whether this 
preliminary treatment of the membrane merely results in the ex- 
traction of the extraneous admixtures, or whether it is not rather 
that the fungus cellulose is converted into true cellulose. How- 
ever, even apart from this doubt — which will be further con- 
sidered in subsequent paragraphs — Richter's observations do not. * 
disprove the assumption that a substance, differing from pure 
cellulose, occurs in the membrane of fungi, since, in some of his 
experiments, the cellulose reaction could not be observed in the^ 
preparations employed. Nevertheless, although, in view of the 
last-named circumstance, it cannot be admitted that, strictly 
speaking, Richter's experiments actually identified fungus cellu^ / 
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lose with true cellulose, it is justifiable to assume from his results 
that pure cellulose really does occur in the cell membrane of 
fungi. An attempt to support this assumption was made by 
I. Dreyfuss (I.) in 1893. ^^^ *^® purpose of extracting the 
cell contents and obtaining the pure meipbrane substance, this 
worker employed the method given by Hoppe-Seyler (III-). 
This consisted in treating the specimen with alcohol, ether, 
water, 2 per cent, hydrochloric acid, and 2 per cent, caustic 
soda, and then heating to 180** C. with concentrated caustic 
potash, whereby — as was then supposed — everything except pure 
cellulose was (iecomj)osed and dissolved. After acidifying the 
cooled melt the residue could then be separated by filtration, 
and tested for cellulose by the reagents already specified. In 
addition to cultures of bacteria, Dreyfuss examined certain 
higher fungi, viz. Agaricvs campestriSy Polyporus officinalis^ and 
AspergUlvs glaucus ; and apparently found cellulose in all of them. 
In view of the greater insight since afforded into the multi- 
plicity of the isomers and analogues of cellulose, and of which 
the earlier workers had not the slightest idea, the successors of 
Richter in this branch have found it desirable to enlarge the 
limits of the question. Instead of the conflict respecting the 
identity of fungus-cellulose and true cellulose, there arose the 
endeavour to identify the various constituents of which the 
membrane is presumably constructed ; and the search for cellu- 
lose was relegated to a subsidiary position. For more compre- 
hensive investigations in this respect we are indebted in the 
first place to 0. van Wisselinqh (I.), who, in 1898, examined 
no less than about a hundred species, comprising members of 
nearly all the orders, and most of the families, constituting the 
fungoid kingdom. For extracting the samples he substituted 
for the above method a new one devised by himself, namely, 
heating the fungus in glycerin, contained in a sealed tube 
immersed in an oil bath, and raised to 300° 0. within half-an- 
hour. By this means the extraction is so far advanced that the 
residue can be tested for cellulose without opening the door to 
any objection. Apart from the Myxmnycetes, with which we are 
not concerned, Wisselingh could only detect the presence of 
cellulose with certainty in two families of fungi, namely, the 
Saprolegniece and the Feronosporeoe, both belonging to the Oomy- 
cetes (Fhycomyceies, see § 220). On the other hand, this carbo- 
hydrate could not be detected, either in the Zygomycetes or in 
any of the Mycomycetes examined : more particularly not in Sac- 
charomyces cerevisice. These results agree with those obtained 
by E. GiLSON (I.) in the examination of Mucor vulgaris, Tham- 
nidium vulgare, and Agaricus campestris. The contradictions in 
the results of Richter and Dreyfuss will be explained in the 
next paragraph. Substances possibly allied to cellulose, since 
they have many reactions in common therewith, were observed 
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by Wisselingh in the fungus of the lichen known as Usnea 
harhata, and in Creaster fornieatus (a fungus allied to the well- 
known Bovistes), on which account he named them usnein or 
geasterin. On the other hand, the substance which Mangin (I.) 
classed as cellulose in the case of Mucorinece, Uredinece, and 
Ustilagtneoey does not — according to his own reports — give the 
typical reactions, and hence cannot lay any claim to recognition. 
It being thus certain that true cellulose has, so far, been 
found in only two families of fungi, it now remains to ascertain 
the composition of the cell membrane of the others. Thanks 
to the zeal of several workers, whom we shall mention shortly, 
satisfactory, and perhaps even surprising, information can already 
be given on this point ; for it will undoubtedly seem strange to 
hear that one of the components in question is nitrogenous. 
This is positively known, and the substance in question will be 
dealt with in the following paragraphs as being most worthy 
our attention. Before dealing with this, however, it is advis- 
able to state, in order to prevent misunderstanding, that the 
workers in question mostly employ the term fungus-cellulose in 
the sense of fungus membrane substance. 

§ 226.— Chitin. 

That the residual substance of the cell membrane, after 
passing through various methods of extraction, always contained 
nitrogen, was recognised not only by investigators — such as 
ScHLOSSBERQER and DcEPPiNG (I.) — in an age of imperfect analy- 
tical knowledge, but also more recently by W. Hofmeister (I.) 
and E. Winterstein (I.). The last-named found nitrogen 
{3.3 to 3.9 per cent.) in preparations from the cell walls of the 
edible boletus (Boletus edulis) ; 3.6 per cent, in the case of the 
mushroom {Agaricus camjjestris) ; 3 per cent, in the toadstool 
{Oantharellvs ciharius) ; 2.5 per cent, in the common morel (Mar- 
chella esculenta) ; 3.3 per cent, in Penicillium glaucum, and 3.9 
per cent, in a species of Botrytis. Unlike his predecessors, 
however, Winterstein did not rest content with the comforting 
belief that the extraction of the nitrogenous matter in the 
cell membrane had not been effected completely, but convinced 
himself that nitrogen was also present in such preparations as 
had been perfectly freed from nuclein and albumin by the pre- 
vious treatment with caustic potash and Schulze's reagent. It 
therefore followed that the preparations in question must be partly 
or entirely composed of some nitrogenous substance. The same 
discovery, in the main, was obtained independently a few months 
later by EuQ. Gilson (II.) in his researches on Agaricus eampestris 
and ergot of rye {Secale comutum). By fusing the cell prepara- 
tions therefrom with caustic potash at 180° C, according to the 
Hoppe-Seyler method, he obtained a residue, not of cellulose but of 
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a substance insoluble in Schweizer's reagent, and to which he gave 
the name mycosin, the elementary composition being, moreover, 
ascertained to correspond with the formula Oj^HggNg^io* '^^^® 
substance is a base, the chloride of which is thrown down when 
concentrated hydrochloric acid is added to the aqueous solution. 
Mycosin itself is soluble in 2 to 3 per cent, hydrochloric acid or in 
very dilute acetic acid. A solution of iodine in potassium iodide, 
containing a trace of free acid, gives a reddish violet stain. 
According to Wisselingh (I.) and E. Zander (I.), zinc-iodo- 
chloride solution varies in action in accordance with the amount 
of zinc chloride present, 50 per cent, producing a blue to blue- 
violet coloration. These last reactions closely resemble those of 
cellulose, and might easily be mistaken, by an inexperienced 
observer, as indicating the presence of that substance. This 
possibility will be referred to later on. 

A closer indication of the position to be allocated to mycosin 
in the immense field of organic nitrogen compounds was afforded 
in a second investigation of Winterstein's (II.) by the discovery 
that this substance is decomposed, on hydrolysis with 3 per 
<;ent. sulphuric acid, into : c?-glucose as the chief product ; then 
probably other hexoses as well, and then into acetic acid and an 
undetermined nitrogenous organic substance. Decisive conclu- 
sion as to the method, of combination of the nitrogen in this 
cell-membrane substance was soon afterwards furnished by WiN- 
^ERSTEiN (III.) through the discovery that, when heated with 
concentrated hydrochloric acid, it yielded a crystallisable fission 
product, which proved identical with the hydrochloride of chito- 
samine, CgHj^O^.NHg.HCl — at that time erroneously termed 
glucosamine, even by Winsterstein. As Winterstein at once 
recollected, the same behaviour is exhibited by chitin, i.e, the 
:substance (discovered by Odier) composing the chiton and elytra 
of insects, spiders, crabs, and other lower animals. This sub- 
stance, as was shown by G. Ledderhose (I.) in 1876, furnishes 
under similar treatment the " glucosamine " discovered by that 
observer ; and that too in the state of hydrochloride, from which 
latter the free base, ^.e. chitosamine itself, HO.CHg - (OHOH)g - 
CH.NHg-OHO, was first isolated by 0. A. Lobry de Bruyn. 
This led to the unexpected conclusion that the cell membrane 
of the fungi (under examination) was to a greater or smaller 
■extent constructed of chitin. If this should be the case, then 
iihe said preparations of the cell membrane must also exhibit 
the highly characteristic reaction for chitin, discovered by 
Hoppe-Seyler (II. ),^ namely, the dissociation of this substance 
into acetic acid and chitosan by exposure to fusible caustic 
potash at 1 80° C. Ohitosan is basic in character, and is precipi- 
tated from its acetic solution by an excess of caustic potash. 
The chloride is insoluble in strong hydrochloric acid. A similar 
dissociation product is already known in the mycosin prepared 
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by Gilson in 1 894 ; and as a matter of fact, chitosan and 
mycosin are identical, and can be isolated by the same method, 
both from animal chitin and the cell membrane of fungi. In 
this manner it was proved that chitin is also present in the 
fungoid kingdom, and is not, as was formerly supposed, of ex- 
clusively animal origin ; and indeed the proof was strengthened 
by E. Gilson (III.) and E. Winterstein (IV.) isolating chitin, 
as such, from Agaricus campestrts. The nitrogen content of 
this substance was determined by these workers as 6.24 per 
cent., a value agreeing fairly well with the 6.01 per cent, calcu- 
lated from the formula (CigHgQNgOjg) set up for animal chitin 
by G. St^edeler (I.) and confirmed by T. Abaei (I.) in 1895. 
On the basis of this formula the two hydrolytic reactions above 
referred to may be expressed by the equations :— 

Ci8H8oN20i2 + 2HaO = CwHasNaOio + 2C2H4O2 
Chitin in the Chitosan Acetic acid 
potash 
Ci4Ha8N20io + 2H2O = 2C6H13NO6 + CaHiOa 
Chitosan in the Chitosamine Acetic 
cone. HCl acid 

It may be mentioned that chitosamine, and even chitin, can 
be split up by the prolonged action of concentrated hydrochloric 
acid into ammonia and a sugar : — 

C6H11O5.NH2 + H2O = NH3 + CeHiaOs 

to which Berthelot has given the name cliitose. The formation 
of this sugar by the action of concentrated hydrochloric acid on 
preparations of the cell membrane of fungi has already been 
observed by Stjedeler (I.) without, however, the nature of the 
reaction having been recognised. 

Bearing in mind the fact that Dreyfuss employed concen- 
trated potash at 180** 0., under which circumstances the chitin 
present would be converted into chitosan, the latter — according 
to Gilson — then behaving like cellulose in presence of certain 
reagents, it will be readily understood why Dreyfuss arrived at 
the conclusion that he had to deal with pure cellulose. Accord- 
ing to the results obtained by Wisselingh (I.), the same con- 
version, and consequently the same liability to deception, also 
occurs when chitin is exposed for a considerable time to the 
action of dilute (7 to 8 per cent.) caustic potash at the ordinary 
temperature, i.e. the same treatment as employed by Richter in 
purifying the cell membrane preparations. 

Finally, it is not inappropriate to recall that the formula 
given above for chitin is not yet entirely beyond dispute. It 
cannot at present be definitely stated whether the relative 
values of the bodies taking part in the foregoing reactions are 
accurately represented by the equations laid down by Araki ; in 
fact we have still to face the possibility of there being a whole 
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series of isomeric or nearly allied substances, and therefore of 
the necessity of regarding the name chitin as a collective term. 

The extent to which chitin is present in different groups of 
fungi was investigated by 0. van Wisselinqh (I.) in researches 
already referred to in previous paragraphs. Its absence was 
confirmed by this worker in the case of Bacteria^ Oomycetes 
{SaproleffnieoB and Peronosporece) and Saccharomycetes examined 
by him. In all the other species of fungi examined, however 
(about a hundred), the presence of chitin was invariably detected, 
e,g, in Mucor mucedo^ M, racemosuSy Rhizopus nigricans^ Penicil- 
lium glcmcuTriy Tricothecium rosfiwriy in the sclerotia of Botrytis 
cinerea and Glaviceps purpurea^ &c. At present no instance of 
the simultaneous occurrence of cellulose and chitin in the cell 
membrane of a fungus is known. In many cases, e,g, the 
perithecial wall and the asci of Aspergillus glaucus, the membrane 
is partly composed of other substances. With the assistance of 
improved microchemical tests Wisselingh has also studied the 
local distribution of chitin in the cell membrane, and has found, 
for instance in the wall of the ascospores of Aspergillus glaucus^ 
that chitin is (present in the form of two kinds of biconvex 
plates. 

For information respecting the amount of chitin present in 
certain fungi we are indebted to C. Tanret (III.), according to 
whose determinations — which, however, must be regarded as 
merely approximate estimates — about 15 per cent, of this sub- 
stance is found in Aspergillus niger. 

§ 227.— Hemicelluloses and other Carbohydrates. 

Of the two main groups of carbohydrates of the formula 
CgHjQOg entering into the composition of cell membranes, the 
occurrence of true cellulose in fungi has been dealt with in 
§ 225, and there remain therefore only the representatives of 
the second group, namely, the hemicelluloses (§ 118) and other 
easily hydrolysed carbohydrates. Apart from the report 
furnished by Braconnet (I.), we are indebted to the French 
chemist Champignon (I.) for the earliest observation of these 
substances. From a subterranean fungus, Pachyma Cocos Fries, 
largely consumed in China under the names Fuh-ling, Fouh- 
ling, and Pe-fuh-ling, this worker isolated a carbohydrate of the 
formula CgoH^gOgg, which, on being treated with dilute acid, is 
converted into a liquid capable of reducing Fehling's solution. 
To this carbohydrate he gave the name pachyman. Later, 
E. WiNTERSTEiN (II. ), isolated from the edible boletus {Boletus 
edidis) a carbohydrate which is soluble in dilute acids and 
re-precipitated by alcohol. This substance has received the 
name paradextran, and its elementary formula is OgH^^Og. 
Closely allied thereto, and of the same composition, is paraiso- 
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dextran, which is turned blue by iodosulphuric acid and has 
been detected in several fungi by E. Wintepstein (IV.)- 
According to an observation made by the same worker (III.), 
true hemicellulose in the sense applied to the term by E. Schulze, 
also seems to occur in fungi. Two mucinous carbohydrates, 
known as mycetide and viscosin, but not yet closely examined, 
are found in various mushrooms, according to a report of 
Boudier's cited by A. and Th. Husemann (I.). The former of 
these substances presumably resembles the gums, whilst the 
other probably is closely allied, chemically speaking, to the 
mucilage found in linseed and Plantago Psyllium L. According 
to an analysis made by J. L. Keller and reported by the Huse- 
manns, pectose has been isolated from Fouh-ling. 

Still undetermined is the chemical character of the substance 
giving the blue iodine reaction observed by Fbiedrich Hoffmann 
and by Paul Lindner (VIII.) in the case of the phlegmated 
hyphee of Dematium pullulans and the membrane of the spores 
and sporogenic cells of Schizosaccharomyces octosporus, and also by 
E. Cbamer (III.) on the conidia of Penicillium glaucum. The 
substance in question is certainly not starch, but is possibly an 
isolichenin. Moreover, the blue reaction with iodine solution is 
by no means a rarity, being observed, for example, on the apices 
of the asci of many Pyrenomycetes and Discomycetes ; whilst similar 
observations have been made by O. E. R. Zimmermann (II.) 
in different species of Mucor. The red mould (of the genus 
Fusarium) occurring as red spots and stripes on barley and malt, 
where it was first observed by C. G. Matthews (I.) and afterwards 
by Carl Klein (I.), excretes — through the swelling of the outer 
layer of the cell membrane — a mucilage which is coloured violet 
by iodine. 

After employing the usual treatment for the determination 
of crude fibre, 0. Tanret (I.) found, in the thallus of Aspergillus 
nigei', the hard mycelium of Claviceps puiyurea, the corpus of 
Polyporus officincdis and Boletus edulis, and in yeast, a carbo- 
hydrate which he named fongose and to which he ascribed the 
formula (CeHioOs)^. 

The presence of a carbohydrate of the pentosan group 
(CgHgO^) has been detected in several species of fungi by 
Dreyfuss (I.). The cell membrane preparations made by 
Winterstein (II.) must also have contained pentosans, since 
they furnished i to 2 per cent, of furfurol when distilled with 
hydrochloric acid. 

Basing on the results of microchemical reactions performed 
with various colouring matters, Mangin (IV.) thought himself 
justified in assuming that callose — a carbohydrate allied to the 
pectins and discovered by him in different phanerogams — also 
occurs, and indeed forms the chief constituent material in the 
cell membrane of fungi, and of the Ascomycetes in particular. 
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At that time nothing was known regarding the presence of 
chitin in fungi ; as, however, this latter substance behaves like the 
former in presence of several of the colouring matters employed 
by Mangin, Wisselingh (I.) thinks it not improbable that the 
two might be confounded. 

From Winterstein's report that the fungoid cell membrane 
preparations examined by him did not contain more than 3.9 
per cent, of nitrogen, it must be concluded that these mem- 
branes were not exclusively composed of chitin, which contains 
over 6 per cent, of that element, but that considerable quantities 
of other compounds, poorer in or altogether devoid of nitrogen, 
were also present. 

At the present time there is very little that is reliable known 
with regard to the local distribution of the constituents compos- 
ing the cell membranes of fungi. Not that this deficiency is 
due to any lack of attempts to obtain information on this point ; 
on the contrary, these date as far back as the efforts made by 
W. FuEiSTiNQ (I.) in 1868. At a later period the matter was 
energetically taken up by L. Mangin (II.), who reported that, 
in the Mncorinem examined by him, the inner layer of the septa 
and aerial hyphse consists of cellulose, whilst the outer layer is 
composed of pectin bodies. Unfortunately the above-mentioned 
observations of Wisselingh have seriously called in question the 
reliability of the microchemical reactions on which Mangin 
based his assumptions. 

The reader will not expect to find here any general reports 
on the thickness of the cell membrane in fungi. Nevertheless, 
mention may be made, in this connection, of a fact determined 
by Fr. Eschenhagen (I.), namely, that the concentration of the 
nutrient solution has a direct influence on the thickness of the 
cell membrane of the organism grown therein. 

The cell membrane of fungi also often exhibits in a high 
degree the capacity of swelling ; which, indeed, is frequently an 
indispensable faculty, especially in sporangia and asoi, as being 
the only manner in which the endospores can be set at liberty. 
It is, moreover, not infrequently found in the case of vegetative 
cells, and will be dealt with in the paragraphs on the cell mem- 
brane of yeast. Where mucination of this kind is encountered 
one may reasonably assume the presence of pectin substances in 
the cell or membrane. 

According to the concordant results obtained by A. Burger- 
stein (I.), M. NiGGL (I.), and 0. O. Harz (II.), lignification of 
the membrane does not seem to occur in Mucar miicedo, Penicil- 
lium glaucujn, Aspergillus glaucusy and Saccharomyces cerevisiasy 
or, according to the observations of the last-named worker, in 
Mucor nigricans, Aspergilhcs conoideus Spreng,, Asp. candidus 
Link., Asp. flavescens Rob., Gephalothecium roseum, Tuber ciba- 
rium, T. cestivum, Claviceps purpurea, and Torula. On the other 
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hand, the lignin reaction (with sulphuric aniline sulphate) was 
furnished by the large pileated fungi, though whether the pre- | 

sence of lignin is thereby proved must remain an open question. ' 

Not infrequently a deposition of colouring matter is found 
in the cell membrane, usually in such a condition as to be incap- 
able of extraction by any known solvent ; this is the case with 
the conidia of Aspergillus and Penicillium. In other coloured 
fungi the colouring matter is embedded in the plasma ; of this a 
fine and technically important example has already been given 
in § 219. 

Whether the waterproof character of some cell membranes, 
e,g. in the conidia of Penicillium and AspergilltiSj should be attri- 
buted to the deposition of excreted fatty or waxy substances, 
must be left undetermined. Biologically this phenomenon is 
important since it prevents the penetration of toxic substances 
from the surrounding aqueous medium, and thereby also opposes 
the attempts of the mycologist to kill such fungi by means of 
aqueous toxic solutions. 

Deposits and incrustations of calcium oxalate crjrstals are of 
very frequent occurrence in the membrane of fungi, especially 
on the surface of the spores. In many cases their presence and 
appearance afford characteristic indications' valuable for the 
purposes of classification. 



CHAPTER XLI. 

MINERAL NUTRIENT MATERIALS. 

§ 228.— Alkalis. 

A GLANCE through the existing analytical data concerning the 
ash constituents of fungi (see for example the handbook by 
J. KcENiG (I.)) will soon'reveal tha^ the chief of these constituents 
are phosphoric acid and potash. The latter seldom forms less 
than one quarter, and is generally about one half of the total 
weight of ash, sometimes even rather more ; the ash of truflBles, 
for instance, according to an analysis by Liebiq (II.), contains 
54.5 per cent, of KgO and 33.0 per cent, of P2O5. From this 
circumstance alone it may be concluded that, as has already 
been placed beyond doubt in the case of green plants, potassium 
is also of importance to fungi. The first experiment made in 
order to clear up this question was instituted by Njeqeli (IV.), 
and the results obtained led this worker to assume that potas- 
sium is so far non-essential to the growth of fungi that it can 
be replaced by rubidium or caesium ; but that one or other of 
these three must invariably be present. 

With regard to caesium," all subsequent investigators, how- 
ever, agree that this metal is unsuitable for replacing potassium 
for the purpose in question. Instances of this are furnished by 
S. WiNOGRADSKY (XI.) in his culture experiments with Myco- 
derma vini ; W. Benecke (II.) in the case of Peiiicillium glatccum 
and Aspergillus niger ; and subsequently by E. Guenther (I.) 
for Mucor corymhifer^ Rhizopus nigricans^ and Botrytis cinerea. 

Opinions Are divided as to the suitability of rubidium for 
replacing potassium. An affirmative result was furnished by 
O. LoEw's (VII.) culture experiments with a species of Penicil- 
lium, and by Winogradsky with the film-fungi already men- 
tioned. On the other hand, in the experiments of W. Benecke 
{II.) potassium was found replaceable by this allied metal, but 
only in cases where merely vegetative development was in ques- 
tion. Finally, the experiments of E. Guenther (I.) furnished 
no uniform results : the cultivation in solutions containing rubi- 
dium, but no potassium, being successful in the case of Botrytis 
cinerea, but not so with Rhizopus nigricans. Now, in order to 
rightly appreciate these results it will be necessary to bear in 
mind the great difficulty experienced in completely freeing the 
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rubidium salt from the accompanying potassium salts. This 
difficulty is, moreover, accentuated by the comparatively ready 
solubility (even at simple boiling temperature) of the glass of 
the culture vessels, the consequence being that a little alkali 
finds its way into the nutrient solution from the glass during 
the sterilising process. In order to eliminate this source of 
error several workers have already recommended the use of 
metallic culture vessels for the purpose in question, but soon 
had to abandon same on account of the toxic action and conse- 
quent retardation of development produced on the sowing. This 
was observed, in the case of silver, by Raulin (III.), whose similar 
observation in the case of tin was confirmed by W. Benecke (III.). 
This last-named worker also excluded aluminium from the list 
of suitable metals, for the reason that it sustained corrosion and 
therefore caused an alteration of the nutrient solution, although 
Th. Bokorny (I.) employed it, apparently with good results, in 
his experiments on the nutrition of dlgcB. Finally platinum, 
which, according to Bokorny, has a poisonous effect on the 
green thallophytes in question, was found by Benecke to be 
innocuous in the case of Aspergillus nujer ; it is, however, too 
expensive to use for large series of experiments. The difficulties 
encountered in purifying the nutrient salts, in order that the 
experiments conducted therewith may be perfectly reliable, can 
best be appreciated by the aid of the following data, for which 
we are indebted to W. Benecke (II.) and E. Guenther (I.). 
The figures relate to the minimum quantity of KCl which will 
enable the development of the sowing to proceed when added 
to I GO c.c. of a nutrient solution previously free from potash. 
Aspergillus niger is sensitive to 0.02 mg., Rhizopus nigricans to 
0.0 1 mg., Mucor corymhifer to 0.02 mg., erndBotrytis cinerea to 
0.0 1 mg. of KCl. The essential requirements of the fungi in 
respect of potash are therefore very moderate ; and, in fact, if 
the necessary quantity be exceeded, to the extent of several 
units per cent., the growth may be injured. The maximum 
amount of potash salts which Rhizopus nigricans will stand, and 
still continue not only to grow but also to fructify, has been 
determined by E. Guenther (I.) as follows : KCl, about 7.5 
per cent. ; KNO3, about 7 per cent. ; whilst in the case of KgSO^ 
the organism will still bear up to 10 per cent, (concentrated solu- 
tion) very well. 

In opposition to the concordant results obtained by earlier 
workers, Carl Wehmer (IV.) assumed that sodium is able to 
replace potassium as a nutrient material for fungi. This view 
was, however, disproved by the experiments of W. Benecke 
(III.) on AspetYjillus niger, an undescribed species of Fenicilliumy 
Mucar stofonifer, Botrytis cinerea, and a pure-culture wine yeast 
from Winningen ; these results being also strengthened by 
E. Guenther's (I.) culture experiments with Mu^cor corymbife7\ 
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Hhkopus nigricans, and Botrytis cinerea. The rule therefore 
still holds good that sodium is of no appreciable utility as regards 
the nutrition of fungi, and can be entirely dispensed with. The 
maximum quantities of the salts of this metal that can be pre- 
sent in the nutrient solution without injury, have been deter- 
mined by E. Guenther, in the case of Rhizopus nigricans, as 
follows: NaCl, 12 per cent.; NagSO^+io aq., 26 per cent.; 
and NaNOg, 6 per cent. 

With regard to litbium, W. Benecke (III.) has shown — in 
refutation of the contrary assumption by Naegeli — that this 
metal is not a foodstuff for fungi, although a strong stimulant. 
When lithium salts were present in the nutrient solution it was 
found that the conidia of Aspet-gillus niget' did not germinate, 
and that no conidia were formed in the case of an unspecified 
species of Penicillium, The extent to which the various species 
are sensitive to the action of this metal must fluctuate consider- 
ably, since, whilst E. Guenther (I.) found 0.05 per cent, to be 
the largest addition of lithium nitrate that Rhizopus nigricans 
could stand and still continue to thrive, H. M. Richards (I.) was 
able to observe that Aspergillus niger gave a crop of double the 
usual size when the nutrient solution of saccharose and mineral 
salts was treated with an addition of 0.3 to o. 5 per cent, of lithium 
chloride. 

§ 229.— Metals of the Alkaline Earths. 

According to NiEGELi (IV.) magnesium is non-essential for 
the development of fungi when the latter have at disposal one 
of the three alkaline earths: strontium, baxium, or calcium. 
The assumption that fungi can grow without magnesium has, 
however, been disproved by Winogradsky (XL), who showed 
that the latter is indispensable for the development of Myco- 
derma vini. The same results were obtained by Adolf Mayer 
in culture experiments with beer yeast; by H: Molisch (II.) and 
W. Benecke (I.) with Penicillium glaucum and Aspergillus niger ; 
and by E. Guenther (I.) with Mucor corymbi/er, Rhizopus nigH- 
cans, and Botrytis cin&i*ea. How sensitive and responsive the 
fungi are to a small addition of magnesium is evident from the 
observation recorded by Benecke (HI) as to the considerable 
difference in development exhibited by two, otherwise equal, 
specimens, the one grown without magnesium and the other in 
a medium containing 0.0025 ^8* ^^ crystalline magnesium sul- 
phate per 25 c.c. Similarly, E. Guenther (I.) ascertained, in 
the case of magnesium sulphate, (MgSO^ + y aq), that a mini- 
mum addition of 0.005 °^g- ^^^ necessary to induce a sowing of 
Rhizopus nigricans to grow at all 

In refutation of an earlier assumption by Sestini, it has been 
shown by H. Molisch (II.) and W. Benecke (I.), and after- 
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wards confirmed by E. Guenthbr (I.), that not only calcium, 
barium, and strontium, but also the closely allied metals beryl- 
lium, zinc, and cadmium are unsuitable for replacing magnesium ; 
and that, in fact, they behave as poisons when added in slightly 
larger amount to the nutrient medium. An addition of 0.02 
pet* mil of cadmium sulphate or cadmium chloride is sufficient 
for Aspergillus and Penicillium ; whilst for Rhizopus nigricans 
0.00 1 per mil is enough. According to Guenther, an addition 
of 0.2 per cent, of beryllium chloride is necessary to restrict the 
development of the last-named Phycomyces. 

With regard to zinc, it was observed by J. Raulin (I. and 
III.) before 1870, in his experiments with Aspergillus niger^ 
that the mycelial development of this fungus could be consider- 
ably facilitated by a small addition of zinc sulphate to the 
nutrient medium. The conclusion drawn therefrom that, in 
contradistinction to the earlier discoveries of the same worker, 
zinc is indispensable to the structure of the fungus in question 
was, however, unable to stand subsequent investigation. Both 
in this fungus and in the case of Penicillium glaucum and Boh'ytis 
cinerea it was found by W. Pfeffer (II.), H. M. Richards (I.), 
and Ono (I.), that the action of zinc is stimulative (§ 81) in the 
sense of H. Schulz's law (I.). Even an addition of QU0005 per 
cent, of zinc sulphate to a nutrient* solution of, e.g, saccharose 
and mineral salts, resulted in a considerable increase in cropping. 
This attained double., the yield (furnished in the absence of zinc) 
when the addition reached the optimum amount of about 0.003 
per cent, of zinc "sulphate ; but, on raising the addition to 0.05 per 
cent., a poisonous action was observed. Rhizopus nigricans seems 
to be still more sensitive, since, according to E. Guenther (I.), it 
will not stand more than o.oi gram of zinc sulphate in 100 c.c. of 
nutrient solution. A noteworthy observation made by several 
workers is that this stimulation is really a kind of fattening 
process, the stimulative influence being confined to the develop- 
ment of the mycelium, that is, to the vegetative portion of the 
thallus ; whilst the production of conidia, or organs of fructifi- 
cation, is retarded, and even entirely suppressed. Supported by 
other experimental results (relating to copper as well as zinc), 
Andr. Richter (I.) has pointed out that, in such a state of dilu- 
tion, the salts {e.g. zinc sulphate) are no longer capable of acting 
as such, but — in accordance with the theory of dissociation — 
are more or less separated into their components, the ions Zn 
and SO4, which are therefore the real stimulants. Moreover, 
because the extent of the dissociation is also dependent upon 
the nature of the solvent — in this case the nutrient solution — 
the action exerted by an addition of such saline stimulants is 
also determined thereby. The present is a suitable occasion for' 
referring to the labours of Th. Paul and B. Krcenig (I. and II.), 
ScHEURLEN and Spiro (I.), and others, to whom we are indebted 
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— since the publication of vol. i. — for the application of the dis- 
sociation theory to the study of the action of poisons on micro- 
organisms (^ 79 and 81 ), and for the useful conclusions that may 
be drawn therefrom with regard to practical disinfection. 

In connection with magnesium, indirect reference has already 
been made to calcium, inasmuch as Naegeli's assumption that 
this metal could replace magnesium was stated to have been 
refuted. There still remains, however, the less important ques- 
tion whether calcium is at all essential to the structure of 
fungi. On this point Winogradsky, in a previously cited 
research, found Mycoderma vini still capable of thriving in 
a nutrient medium free from calcium (and also from barium 
and strontium). The same results were obtained by H. Molisch 
(II.) and W. Benecke (II.) in their experiments with Aspergillus 
niger ; so we may well assume that calcium is not essential 
to the growth of fungi. Until a short time ago it was considered 
that this peculiarity afforded a thorough means of distinction 
between the fungi and green plants. However, it has recently 
been found by H. Molisch (IY.) that certain (but not all!) of 
the algae will thrive in the absence of calcium, e.g. Stichococctis 
bacillaris Nsegeli, Ulothrix suhtilis Kuetzing, but not Vaucheria 
or Spirogyra. For the future, therefore, the axiom must be 
changed, and calcium regarded as indispensable for the higher 
green plants, %ut not essential to the fungi and to certain 
algse. 

So far as barium and strontium are concerned, it has been 
placed beyond doubt that these two metals are not only useless, 
but also injurious, and act as poisons toward the fungi. Thus, 
for example, in the experiments of E. Guenther, the develop- 
ment of sowings of Rhizopus nigricans ceased in presence of 
i.o p6r cent, of barium nitrate, or 1.5 per cent, of strontium 
nitrate, in the nutrient solution. Even calcium, it may be 
remarked in passing, is capable of acting injuriously when 
present in larger quantities, the last-named worker having 
found the limit of safety to be 4 per cent, of calcium nitrate in 
the case of the same Fhycomyces. 

§ 280.— Elements of the Iron Group. 

On the fact that iron had been shown indispensable to the 
formation of chlorophyll, and therefore essential to the assimi- 
lative power of green plants, was based the opinion, long 
unanimously current among mycologists — e.g. Adolf Mayer (I.) 
in connection with yeast, and C. Nsegeli — that the fungi, being 
destitute of chlorophyll, do not require iron. This assumption 
was first put to the test by J. Raulin (I.) in 1870, the resulta 
showing that, in presence of iron, cultures of Aspergillus niger 
throve more vigorously in solutions of nutrient salts containing 
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iron, the weight of the crop being about double that obtained in 
cultures without iron. Presuming the experiments to have been 
properly conducted, this result would justify the assumption that 
iron, though very beneficial to the growth of the fungus in 
question, is not indispensable. Raulin, however, suspected that 
his " iron-free " cultures did not deserve their name, but con- 
tained a small proportion of this metal as an inseparable impurity 
in the other salts. On these grounds, though without proof, 
Raulin concluded that iron is indispensable for the development 
of Aspergillus nujer. The contrary opinion, viz. that iron is 
non-essential to fungi, was expressed by Ouqini (I.) in connection 
with a pileated fungus, and by A. Schulz (I.) for Mycoderma 
ceremsioe; though, as neither of them worked with solutions that 
could be guaranteed free from iron, the question still remained 
undecided. Hans Molisch (I. and II.) attempted to settle it, 
without, however, succeeding in producing a perfectly iron-free 
culture. Nevertheless, his results tend to prove the indispen- 
sable character of the element in question, inasmuch as, in cultures 
as free as possible from iron, the spores of Aspergillus niger did 
not develop beyond the formation of a sickly mycelium, whereas 
the specimens treated with an addition of iron not only exhibited 
luxuriant growth, but also produced an abundance of spores. 
Similar results were obtained with sowings of pressed yeast cells, 
spores of Macor racemosus, and a species of PenicilUum. Bearing 
in mind the observation (communicated by Molisch) that a 
ferruginous ash is furnished even by cultures grown in a medium 
from which iron has been, as far as possible, eliminated, and / 
therefore that even imponderable amounts of iron are greedily 
absorbed, one is constrained to share the conclusion formed by 
Molisch, that iron is very probably indispensable to the develop- 
ment of fungi. The objection urged by C. Wehmer is based on 
observations that cannot be regarded as perfectly reliable. The 
hypothesis was raised by H. Molisch (I.), and shortly after- 
wards by A. B. Macallum (II.), that iron occurs, in plants 
generally and in fungi particularly, in the form of organic com- 
pounds, and is therefore undetectible by the ordinary reactions. 
Macallum (I.) then explained that the chromatin in the nuclear 
structure (§ 252) of the cell is the chief seat of these organic 
compounds of iron. The instances cited in support of this view, 
however, have been strongly criticised, since they were based on 
experimental methods the unreliability of which has been 
demonstrated by Arthur Meyer, Carl Mueller (I.), and G. 
GiLSON (I.), and also partly admitted by Molisch (III.) himself. 
Nevertheless, as may be concluded from later observations, the 
assumption itself seems appropriate. The first of these observa- 
tions was made in 1877 by Lubavin, who detected the occurrence 
of iron in the molecule of the paranuclein prepared from milk 
casein. Further reports in this connection were made by A. 
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AscoLi (I.), who succeeded in ascertaining the important fact 
that the plasmic acid (§ 252) isolated from the nuclein of yeast 
contains about i per cent, of (masked) iron, which is probably 
attached direct to the phosphorus atom. Attempts have already 
been made to utilise this fact in pharmacy and medicine ; and 
since 1900 there has been recovered from yeast grown on a 
highly ferruginous nutrient medium, a fission product of nuclein, 
to which the name ferratogen has been given, and which contains 
about I per cent, of iron in organic combination and readily 
absorbed in the intestines. According to G. Marpmann (II.), 
the iron in fungi (and especially in PenicilUum) is usually in the 
ferrous state, and only exceptionally present in a higher stage 
of oxidation ; this has been demonstrated by treatment with 
hydrochloric solutions of potassium ferro- and ferri-cyanide. 
An exception is afforded — at least according to R. Kusserow 
(Il.)^-by yeast (pressed yeast in particular), the stability of 
which is said to be influenced by its abundant content of ferric 
phosphate. In addition to its part as an indispensable foodstuff, 
iron also seems to act as a stimulant : according to the indica- 
tions afforded by comparative experiments undertaken by H. M. 
Richards (I.). 

The metals allied to iron, namely nickel, cobalt, and man- 
ganese, have been tested on Aspergillus niger by Molisch (II.) 
with regard to their capability of replacing the first-named, but 
were found unsuitable. This does not, however, imply that the 
fungi entirely reject these elements. On the contrary, it has/ 
been shown by W. Pfeffer (II.) and H. M. Richards (I.) in 
cultures of Aspergillus niger and PenicilUum glauaunij that cobalt 
and nickel, in the condition of sulphates, can exert a similar 
stimulative action to that already ascribed to zinc (§ 229). The\ 
optimum quantity of the salt of the first-named metal was found ^ 
to be 0.002 per cent., which gave a crop almost double that from 
the check experiment without cobalt In the case of nickel 
sulphate the corresponding quantity is 0.033 per cent, (conse- 
quently much greater), and this increases the crop two and a 
half to three fold. 

As long ago as 1884, manganese was detected by J. Schloss- 
BEROER and O. Dospping (I.) in various mushrooms — e.g. Agarictis 
delieiosus, Ag, a7*vensis, and Amanita muscaria — and subsequently 
by BissiNGER (I.) and others in Lactarius piperatus. Both 
physically and chemically this element seems to play a very 
noteworthy part. From what has already been stated in § 215 
of Vol. i., the reader is aware that many fungi contain oxidising 
enzymes allied to the laccase in the sap of the lac tree. Now, 
in the ash of the latter, Gabriel Bertrand (III.) has discovered 
up to 2.5 per cent, of manganese. Subsequent experiments 
have led this worker to conclude — though this has not yet been 
confirmed — that manganese is the real active agent in the 
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oxidases, by reason of the convertibility of its protoxide, this 
being readily oxidised to peroxide, which in turn as readily 
parts with oxygen and is reduced to the protoxide. Consequently, 
in Bertrand's (VI.) opinion, the organic constituents of the 
oxidases merely play the part of carriers of manganese. For 
the purpose in view, this latter cannot be replaced by any allied 
or other metal. 

According to the results obtained by Richards (I.) in cul- 
ture experiments with Aspergillus niger, aluminium is not only 
non-essential as a foodstufiP, but has no appreciable action as a 
stimulant. 

§ 231.— Sulphur, Selenium, Silicon, Phosphorus, 

Arsenie. 

Strictly speaking, it has not yet been proved that sulphur is 
essential to the growth of fungi ; that it is so having been con- 
cluded from the (still disputed) assumption that this element 
forms an important constituent of the albuminoids. The 
attempts hitherto made to carry out perfectly convincing ex- 
periments, in nutrient media, positively free from sulphur, 
have proved futile. Thus, neither Adolf Mayer nor E. 
GuENTHBR (I.) succeeded in fully eliminating this element from 
the saccharose used in the preparation of nutrient solutions, 
a few thousandths of a per cent, remaining in combination as 
an ineradicable impurity. According to the investigations of 
NflBgeli, sulphates as well as sulphites and hyposulphites may 
serve as a source of sulphur ; but ammonium thiocyanate and 
sulphur ea are unsuitable. A careful confirmation of this report 
is the more desirable because Adolf Mayer, in his cultures of 
beer yeast, found sulphates unsuitable for this purpose. 

Selenium appears to be incapable of replacing its near ally^ 
sulphur, as a nutrient material for fungi. At any Tate, the 
experiments of E. Guenther (I.) with Ehizopus nigricans have 
shown that an addition of even 0.0005 per cent, of sodium 
selenate will suffice to prevent the germination of spores of 
this fungus in a nutrient solution of glycerin and mineral 
salts. 

Silicon also, according to J. Raulin (III.), must be included 
in the list of foodstuffs essential to fungi, though no support to- 
this view is afforded by the later cultivation experiments con- 
ducted on this point by H. M. Richards (I.). Nevertheless — 
in view of the observation (unfortunately not followed up) of 
E. WiNTERSTEiN (I.) that the ash of his so-called fungocellulose 
(§225) consisted almost exclusively of silica — it may be regarded 
as not impossible that silica ^as is undoubtedly the case in the 
higher plants), while not essential to the structure of fungi is 
very useful for strengthening their membranes. The present. 
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is a suitable opportunity for mentioning a nutrient solution 
{Liquide Maulin) still used in French laboratories, for both 
moulds and fission fungi. It was compounded by Raulin 
(I. and III.) on the basis of his observations, which we now 
know to have been somewhat imperfect, and is composed of : — 





Gnms. 




Grams. 


Water .... 


1500-0 


Potassium carbonate . 


o-6o 


Saccharose . 


70-0 


Tartaric acid 


4-00 


Ammonium nitrate 


4-0 


Ferric sulphate, zinc sul- 




Ammonium phosphate . 


06 


phate, potassium sul- 




Ammonium sulphate 


0-4 


phate, each 


0-07 


Magnesium carbonate . 


0*40 







Next to potash, phosphoric acid is the most important ash 
constituent in fungi. Existing analyses place the figures at 
between 1 5 and 60 per cent. ; though it should be mentioned 
that not all the reports on this point are of equal value, some 
of them relating to cases where insufficient regard was paid to 
the volatility of phosphoric acid in presence of carbon, during 
the preparation of the ash. The consensus of existing expeii- 
ments favours the assumption that phosphorus is essential to 
the structure of fungi ; and, moreover, it is known that this 
element forms an important constituent of the nucleins (§ 252). 
The eagerness with which this foodstuff is absorbed from the 
medium can be gathered from an instance recorded by 
J. ScHLOSSBERGER and O. DoEPPiNG (I.), wherein a pileated 
fungus, Daedalea quercina — of the Polyporea group, and allied to 
the dry-rot fungus — was found to have completely extracted the 
phosphoric acid from decayed oak wood. With a view to ascertain- 
ing the local distribution of phosphoric acid among the individual 
constituents of the cell contents, L. Lilienfeld and A. Monti 
(I.) have described a process, which consists in first immersing 
the preparation in a nitric solution of ammonium molybdate, 
whereby a yellow precipitate of ammonium phosphomolybdate is 
produced in such parts of the cell where phosphoric acid, capable 
of reacting, is present. Then, after washing out the prepara- 
tion, it is exposed to the action of a reducing agent (such as a 
20 per cent, solution of pyrogallol) ; this reduces the molybdic 
acid to lower stages of oxidation, which, by their brown or blue 
colour, reveal the locality and distribution of the phosphoric 
acid in the cell. In this manner the hyphse of Botrytis cinerea^ 
the spores of the same fungus, and the cells of Mucor and Sacch- 
aromyceteSy have been tested for phosphorus by S. Pollacci (I.). 
According to its authors, the method is capable of detecting not 
merely the phosphoric acid in combination as inorganic ortho- 
phosphates, but also, in many cases, that present in organic 
combination, especially in the nucleins. It has, however, been 
found by L. Heine (I. and II.) that the same colour reaction 
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is furnished by various substances devoid of phosphorus — 
many albuminoids in particular — so that it is impossible to 
obtain by this method any reliable differentiation, especially 
between the nuclein-like and the albuminoid constituents of 
the cell. 

The question how far phosphorus can be replaced as a food- 
stuff by its ally, arsenic, after having been answered in the 
negative by J. Stoklasa for the higher phanerogams, and by 
H. MoLiscH (IV.) for different algae, was examined by E. 
GuENTHER (I.) in connection with Mhizopus nigricans, the same 
result being obtained. This notwithstanding, compounds of 
arsenic are attacked and assimilated by many fungi, provided 
they are present in insufficient quantity to exert any poisonous 
action. B. Gosio (II.) was the first to show that Penicillium 
glaucum, Aspergillus glaucu^, Asp, vireTis^ Mucor miicedo, M, 
racemosuSj Cephalothecium roseum, and others, in suitable nutrient 
media will convert arsenious acid into volatile compounds 
having an odour of garlic, and with such a degree of certainty 
that an addition of 0.02 m.g. of NagAsOg can be detected in 10 
c.c. of milk by this means. This new fact is of practical interest 
to official chemists and hygienists, in connection with the toxic 
phenomena produced by wall papers, &c., containing arsenic. 
The chief literature on this subject has been collected by R. 
Abel and P. Buttenbbrg (I.). Attempts have been made to 
explain these phenomena by assuming that the printed arsenical 
pigments come off in the form of dust; and this view was 
recently accepted by O. Emmerling (I.), since neither he, nor 
G, Marpmann (V.) since, have succeeded in liberating arseni- 
uretted hydrogen from cultures of the aforesaid fungi (or of 
Mucor corymhifer and Aspergillus fumigatus), on arseniferous 
nutrient media. On the other hand, the probability that 
volatile organic compounds of arsenic are formed has been 
shown by Gosio (IV.) ; and one such has been made known by 
P. BiGiNELLi (I.) as dimethylarsine, As(02H5)2H, which is a 
near ally of the extremely poisonous substance cacodyl and 
emits an odour of garlic. The advantage accruing to the analyst 
from Gosio's observation is the possibility of replacing the 
Marsh test for arsenic by a shorter, microbiological method, 
wherein the substance under examination can be tested without 
the necessity for a tedious preparation (destructive of the 
organic matter!). The method as recommended by Gosio is 
performed in the following manner : A cut is made in a clean 
piece of raw potato, and after inserting therein a little of the 
substance (e.(/. aniline dyestuff) to be tested for arsenic, the 
potato is placed in a Roux test glass (potato glass) and sterilised 
for fifteen minutes under a pressure of one atmosphere. Abel 
and BuTTENBERG (I.) recommend the employment of a pap made 
from the crumb of white or brown bread and contained in an 
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Erlenmeyer flask ; and this has been found useful in the present 
author*s laboratory. When cooled, the substratum is inoculated 
with an organism known to be suitable for the purpose in view, 
and the whole is then left to stand for a day at about 37° 0. If 
the substance contain arsenic, the contents of the tube or flask 
will, at the expiration of that period, emit a strong and per- 
sistent odour of garlic. Gosio cites, as the most energetic 
assistant in this connection, the (presumably new) Penicilltum 
hrevicaule discovered by him on arsenical wall paper. In order 
to be sure in the first experiment, the liberated vapours may be 
passed into an oxidising liquid, e.r/. permanganate solution, 
and examined by the Marsh test. By the aid of this microbio- 
logical method Fr. Abba (I.) succeeded, in a case under judicial 
investigation, in proving the presence of arsenic in a sample of 
Indian meal; then in the urine of a patient treated with 
arsenic ; and also in illuminating gas from the Turin mains, 
the arsenical constituents being collected by passing the 
gas through caustic potash. In the same manner, several 
hundred samples of pelts were tested for arsenic (§ 157) by 
Gosio (V.)» ^^^ ^^ later on by Abba (II.). In proof of the 
delicacy of the method, the last-named worker states that, 
whilst, with the Marsh apparatus, no arsenic could be detected 
in a piece of hide measuring 5 sq. cm., an unequivocally affirma- 
tive answer was obtained by the biological method from a piece 
one-fiftieth the size, i.e. only 10 sq. m.m. This method has also 
been employed, and its delicacy appreciated, by G. Mopurgo 
and Alb. B runner (I.) for the examination of colouring matters 
used in the provision industry. Samples containing not more 
than 0.2 m.g. of arsenious acid per 10 grams gave merely a 
very slight, doubtful mirror in the Marsh apparatus ; but when 
treated in the manner prescribed by Gosio they disengaged a 
strong odour of garlic within a few hours. A still more favour- 
able opinion is expressed by W. Scholz (I.), R. Abel and P. 
BuTTENBERG (I.), Br. Galli-Valerio and 0. Strzyzowski (I.), 
who found the limits of delicacy of the process correspond to 
0.02 to 0.05 m.g., and 0.00 1 to 0.0 1 m.g. of arsenic respectively. 
The reaction was not given by other metallic poisons, such as 
compounds of antimony, lead, and bismuth in particular. Out 
of more than forty different species of mould fungi that have 
up to the present been examined with regard to their suitability 
for this method, PenicilUum hrevicavle has proved facile princeps. 
On the other hand, Aspergillus flavus — which, according to 
R. Schmidt (I.), has a very powerful reducing action — A, nigei^ 
A, suhfvscus, A, fumigatus^ PenicilUum glav/^um^ Mucor mucedo, 
and others, have been found unsuitable, the odour of garlic 
being either entirely absent, or else masked by the fusty smell 
of the mould fungi. 

In view of the details given in the foregoing, it may be 
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stated that, according to the present state of our knowledge^ 
nine elements are indispensable for the structure and complete 
development of the Eumycetes, namely — 

Carbon, hydrogen, oxygen, 

Nitrogen, sulphur, phosphorus, 

Potassium (or rubidium), magnesium, and iron. 



CHAPTER XLII. 

STIMULATIVE INFLUENCES — GENERAL REMARKS ON 

THE ENZYMES OF EUMYCETES. 

§ 232.— Influence of Ligfht on the Development of the 

Eumycetes. 

According to an old colloquial expression, the fungi are children 
of darkness. This statement, however, is only appropriate in 
certain instances, more particularly in the subterranean species, 
e,g. the truffle, and is by no means capable of general applica- 
tion. The first to protest against this generalisation was 
E. M. Fries who showed, in 1825, that light is indispensable to 
the normal development of certain fungi. Following his lead, 
a large number of workers have since investigated the con- 
nection between light and fungoid life ; but only a few of the 
results obtained can now be briefly recapitulated, namely, those 
concerned with the fungi of interest to readers of the present 
work. We will also leave out of consideration the older reports 
dealing with the malformed growths — due to defective illumina- 
tion — of fungi in mines, where they drag out a miserable 
existence ; and also the (barren) mycelial masses found in mine 
shafts and headings, and described, in the older literature, under 
the collective name of Bysstcs. Information on this question 
will be found in a work by Elfving (T.), to which we shall have 
occasion to refer later on. 

The first phenomenon we shall now consider is one that will 
become apparent on even merely superficial observation, namely 
pliototropism, or the influence exerted by light on the direction 
of growth. At the outset research was confined to the narrower 
field of the form of illumination most common under natural 
conditions, viz. by the sun's rays (heliotropism) ; and, according 
as this influence proved stimulative, retardative, or inert, the 
fungi affected thereby were classed as positively heliotropic, 
negatively heliotropic, or aheliotropic. An example of each 
of the two latter possibilities was furnished by J. Schmitz (I.) 
in 1843 ^^^ ^y Kr^us (I.) in 1876, the latter of whom found 
Ehizopus nigricans {Mucor stolonifer) presumably aheliotropic. 
Schmitz observed that the mycelial threads at that time classed 
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independently as Rhizomai'phaj but subsequently assigned to the 
cycle of development of Agaiicus melletiSy turned away from 
the light, though Brefeld (III.) was unable to confirm this 
behaviour. E. Ohr. Hansen (XXII.) made us acquainted, in 
1897, with three new examples of negative heliotropism, in 
species of the families Coprinus and AgariciLS, With regard to 
all the remaining fungi examined for their sensitiveness to 
light and found to be exclusively positive in their heliotropism — 
such, for example, as the conidiophores of Peziza Fuckeltana 
examined by G. Winter (I.), the sporangial hyphre of Mucor 
mticedo, Phycomyces nitens, and a species of Filobolus, examined 
by Kraus (I.) and Vines (I.), and the stalk of Coprinus lagopus 
examined by Brefeld (III.) — ^an advance was then made by 
separately examiniug the influence of the different colours of 
the spectrum on growth. No uniform results, however, were 
obtained ; for, whereas Fischer von Waldheim (I. ) found that 
PiloholtLS cristalUnus was only heliotropic under blue light, both 
its congener, Philoholiis miavsporus, and Mucor muc&lo are also 
sensitive to yellow light, according to Brefeld (IV.) and Reoel 
(L). The further researches of Wiesner (I.), in contradiction 
to those of Fischer von Waldheim, show that Piloholtbs cristaf- 
linus and Coprinus niveus still continue to turn heliotropically, 
even in the ultra-red rays. We are indebted to Friedr. Olt- 
MANNS (I.) for the settlement of this discrepancy, and also for 
raising the consideration of ttis phenomenon to a higher plane 
than before. His researches were performed on Phycomyces 
nitens ; that is to say, the very fungus that had hitherto been 
regarded as decidedly positive in its heliotropism, and the one 
chiefly used in lecture demonstrations on account of the unusual 
sensitiveness of its long sporangial hyphse to light. By using a 
very powerful electric arc light (up to 5300 Hefner units), 
Oltmanns found that the fungus in question behaved posi- 
tively phototropic under weak illumination, but negatively so 
under a powerful light, whilst at an intermediate stage of 
illumination it remained aphototropic. The universal law of 
stimulants thus applies also to the phototropy of fungi, the 
sign — to speak mathematically — of the stimulative effect being 
determined by the strength of the influence. However, the 
degree of stimulation necessary to the production of a given 
effect is also dependent on the actual condition of vitality of the 
individual under examination, age, in particular, being an 
important factor. Thus, in the case of Phycomyces mtens, a given 
degree of illumination causes attraction in the young sporangial 
hyphse (with just grey sporangia), whereas in the older ones 
(with already blackened sporangia) it induces repulsion. The 
applicability, to the phototropism of fungi, of Weber's law 
(§ 233) of the ratio between the degree of stimulation and the 
effect, has been demonstrated by J. Massart (III.) in the case 
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of Fhycomyces nitens. The existence of after effects of stimula- 
tion was first remarked, in this connection, by Wiesneb (I.). 

Although the influence of light on all the other vital 
manifestations of fungi has been the subject of numerous 
observations and experiments, no uniform results have been 
secured, nor has the same elevated point of view been attained 
as is the case— thanks to Oltmanns — with regard to its influ- 
ence on the direction of growth. In dealing with this next 
question, we will follow the natural course of development, and 
begin with the influence of light on the germination of the 
spore. Now, according to H. Hermann (II.), or rather E. Loew 
(III.), germination is not affected in the case of the conidia 
of Penicillium glaucum, Tricothecium roseum, and Fusarium 
heterosporium, or the endospores of Bhizopvs nigricans (Muew 
stolonifer). Contrary results were afterwards obtained by von 
Wettstein (I.), who found germination retarded by light in the 
case of spores of Ehodomyces Kochii ; and by F. Elfving (I.), 
who proved that intense sunlight entirely prevents germination 
in the conidia of Aspergillus glaucus. 

The reports of experimenters also differ with regard to the 
influence of light on the vegetative development — increase in 
the size of the cells, and the power of growth. Thus, whereas, 
according to a report by J. Schmitz (I.), Sphceria carpophila 
grows more strongly in the dark than in daylight, Peziza 
Fueheliana — according to G. Winter (I.) — ceases to grow in the 
dark, and perishes entirely if the exclusion of light be prolonged. 
Van Tieohem (IX.) and Gaillard (I.) found illumination exercise 
a favourable influence on the development of Penicillium and 
certain yeasts respectively. Kraus (I.), on the other hand, 
found the perithecial hyphae of Claciceps microcephala attain 
their greatest length in the dark, rather than in red, yellow, or 
blue light. Brefeld also made the same observation with regard 
to the stalks of certain species of Copriniis, G. H. Vines (I.) 
found the growth of the sporangial hyphse of Phycomyces nitens 
prejudicially affected by light, and traced this action to the 
influence of the blue rays. 

The first to investigate the influence of light on cell flssion, 
and therefore on cell reproduction, was L. Kny (I.), in the case 
of pressed yeast. He failed to discover any difference in the 
rate of reproduction in the dark and under moderate illumina- 
tion by gaslight. This is, however, altered in the case of strong 
insolation, as will be referred to later on. 

Also in respect of fructiflcation the individual species of 
fungi seem to differ with regard to the strength of illumination 
necessary to the production of a given result ; such at least is 
the conclusion furnished by comparing the reports of variouB 
observations conducted on this point, the original probability,, 
based on considerations of a general physiological character^ 
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being heightened by the determinations of Oltmanns. Accord- 
ing to H. HoFFMAHX (II.), E. LoEW (HI.), and A. Lendneb (I.), 
the formation of sporangia or conidia in Rhizopus nigricans, 
Thamnidium elegans, and Mueor mucedo^ or Penicillium glaucum 
and Trichothecium roseum respectively, proceeds just as well by 
daylight as in the dark. C. Werner (I.) also failed to detect 
any influence of light on the formation of conidia in two of the 
higher Ascomycetes. In the case of Botrytis cinerea — according 
to RiNBFLEiscH (I.) — this formation occurs solely by night ; and 
in this instance, as was determined by L. Klein (HI.)) ^^^ 
retardation is attributable mainly to the blue- violet rays of the 
spectrum. The converse has been observed in the case of 
Rhizopus nigricans^ which, according to A. Lendner, puts forth 
its sporangia two days later in the dark, or in red and yellow 
light, than in white, blue, or violet light. In the dark, Miuicn' 
racemosus produces merely barren sporangia ; whilst, in the case 
of the Thamnidium aurantiacum described by Rochabd (I.), this 
fructification is said to proceed most favourably in twilight, and 
to be prejudiced and retarded by strong light as well as by an 
absence of illumination. This report, however, has been contra- 
dicted both by Payen (I.) and Poogiale (I.). A similar 
observation to that of Rochard was made by A. Lendner with 
regard to the formation of conidia in Aspei'gillvs luteus, Asp, 
niger, and Botrytis {cinerea?). Elfving (I.) states that the 
formation of perithecia in Aspergillus glauctts is entirely or to 
a large extent suppressed by light; and the same applies to 
the formation of the pileus in certain members of the genus 
Coprinus — congeners of the mushroom — observed by Brefeld 

(III.). 

Nevertheless, the question of the influence of light on the 
fructification of any given fungus cannot be answered off-hand. 
On the contrary, it has been established beyond doubt that the 
nature of the action exerted by light depends on the other 
conditions of vitality, Brefeld (III.) having shown, in the case 
of Cop'inus ste7'corarius, that the formation of the pileus ceases 
in the dark when the temperature remains below 15° C. This 
discovery that light rays can be replaced by heat rays becomes 
of greater interest when it is borne in mind that — ^as was de- 
termined by Brefeld — the only light rays having any influence 
on that development are the blue-violet ones, and not the less 
refractive (e.g, the yellow) rays. A determinative influence 
is also exercised by the composition of the nutrient substratum. 
Thus, A. Lendner made the observation — which deserves follow- 
ing up — that sporangiation in Mucoi' flamduz occurs in white 
light, but ceases in yellow or red light or in the dark, when the 
organism is grown in Raulin's nutrient solution (§ 231); but 
that the converse is the case when van Tieghem's nutrient 
solution is used. 
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Grown on solid media this fungus seems to develop sporangia 
under any kind of illumination. A fact of not less importance 
than the capacity of heat rays to replace light rays, is that 
demonstrated by Brefeld (IV.), in the case of Pilobolus micro- 
spmnis^ a fungus of the Mucoracea family (§ 235), namely, the 
after effect of illumination. When kept in the dark from the 
beginning, the mycelium of this fungus remains entirely and 
permanently barren ; but if exposed to the light for a couple of 
hours, and then placed in the dark before any signs of fructifica- 
tion appear, the sporangia will develop, though ordinarily they 
only do so in the light. 

Still more scanty is our knowledge of the influence of light 
on the internal life, i,e. the chemico-physiological capacity, of the 
Eumycetes. In fact it is almost entirely confined to a series of 
observations made on respiration (§ 238), i.e, the exhalation of 
carbon dioxide. The first experiments were conducted by 
Wilson (I.), who failed to discover any influence due to light; 
and also by Bonnier and Mangin (I.), and Puribwitsch 
(II.), who experimented with various pileated fungi (inte7' alia^ 
Agamcus campestrts) and Phycomyces nitens, and in all cases 
found respiration hindered by diffused daylight, the strongest 
effect being produced by the least refrangible rays. These 
experiments, however, were of a merely preliminary character, 
no regard having been paid to the circumstance that the ex- 
haled carbon dioxide may originate from hco distinct vital 
processes ; viz. either from the conversion of matter in the 
course of building up the cell, or from the process of combustion 
within the full-grown cell for the purpose of replacing dissipated 
internal energy. Duclaux (X.) was the first to point out to 
mycologists this difference, which was already well known in 
animal physiology. And, as a matter of fact, the subsequent 
work of Elfving (I.) — on Mucor racemosus, Aspergillus niger, 
A. flavescensj and Penicillium glaucum — led to the discovery 
that this differentiation of the two sources of carbon dioxide is 
also applicable in the case of fungi. In older cultures, wherein 
the foodstuff is chiefly consumed in order to maintain the vital 
energy, no apparent influence is exercised by light on the 
volume of exhaled carbon dioxide. On the other hand,*a retard- 
ing effect is produced by light in younger cultures, i.e, those in 
which the reproduction and growth of the cells is proceeding 
briskly. All the above-mentioned workers regarded the total 
amount of carbon dioxide, liberated by the cultures under 
observation, as a measure of the respiration ; but R. Kolkwitz 
(I.) took into consideration, as a by no means negligible source 
of error in prolonged experiments, the gradual decomposition 
sustained by oxalic acid under the influence of light (§ 21), since 
this acid is of frequent occurrence among the metabolic products 
of fungi. On excluding this source of inaccuracy, by examining 
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the cultures under a brief illumination by a powerful electric 
arc, this worker ascertained that considerable acceleration of 
respiration is experienced in the case of Oidium lactls^ Aspei'- 
gillus niger, and one species each of MtLC&r and Penicillium, 

The action of sunlight has been the object of a number of 
observations, which merit our attention the more in that they 
were chiefly made with yeasts, and partly relate to the biology 
of the fungoid flora of the vine. Of the other fungi, Aspergilltis 
glaiMis was examined by Elfving (I.) in this connection, whereby 
it appears that the conidia when ripe will stand insolation for 
several weeks in succession at the latitude of Helsingfors, with- 
out injury, though they are killed in a few days when in a 
young, immature condition. Far inferior powers of resistance 
were presented by the yeasts subjected to insolation in the 
south of France by V. Martinand (II.), whose results were 
afterwards confirmed by G. Tolomei (VIL). It was found that 
both sporc^enic and sporeless cells in two races of the group 
Sacc7ia7'omyce8 ellipsoideus, and also cells of S. apiculatus, 
perished after four hours' exposure to the sun's rays at an 
atmospheric temperature of 41° to 45° C. A similar result 
followed insolation for three days at 36" to 37° C, whereas 
other specimens of the same species remained alive when kept 
in the dark under otherwise equal conditions. This coincides 
with the results of the experiments made by W. Lohmann (I.) 
with Saccharomyc€8 Pastorianus I, Hansen, two species of Tm'ula^ 
two film-yeasts (^Mycodetnna), and a distillery yeast (Race II. of 
the Berlin Experimental Station), these organisms being killed 
in a few hours by insolation, as well as by illumination with an 
electric arc lamp of 8000 to 11,540 metric candle power. The 
last-named culture yeast succumbed first, whereas the first of 
the wild yeasts proved the most resistant. The unfavourable 
conditions artificially produced by Martinand are experienced in 
practical viticulture by the yeast cells that make their habitat 
on the grapes most fully exposed to the sun, i.e. particularly 
those on the upper part of the vine-stocks. Consequently we 
should expect to find in that position a smaller number of 
living cells than on the grapes lower down. This observation 
of Martinand' s also leads to the conclusion that the grapes from 
southern countries — which often give very poor fermentation — 
are less abundantly inhabited by yeast cells, and are chiefly 
infested by such paces as are less sensitive to insolation. It is 
therefore probable, as a result of this factor of natiu^l selection, 
that the wine yeasts of southern latitudes are physiologically 
different from those whose progenitors have lived for centuries 
under a cooler sky. 

An assertion deserving closer investigation is that of Ward 
(YII.), to the effect that the colouring matters of chromatic 
fungi afford protection against the injurious influence of light.. 
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Ward supports this view by the personal observation that the 
colourless spores of Oidium lacHs, Chalara mycodenna, and Sac- 
charomyces pyriformis were killed by insolation, whereas this 
was not the case with those of Aspergillus ylaticus, Penicillium 
crustaceum (P. glaucum), Mtccor racemosus, and Botrytis cinerea. 
It must not, however, be forgotten that the greater power of 
resistance offered by these spores may well be due to the con- 
siderable thickness of the membrane. Nevertheless, as the 
foregoing discoveries by Elfving have shown, all means of pro- 
tection fail in presence of prolonged insolation. 

With regard to the influence of the Roentgen rays on the 
vitality of the Eumycetes, an experiment was conducted on 
Phycomyces nitens by L. Ebbaba (I.), but furnished no definite 
results. Further research on this point is therefore desirable. 



§ 233.— Chemotropism— General Remarks on the 

Enzymes of Eumycetes. 

Ghemotazis has already been explained (§41 of vol. i.) as the 
attraction or repulsion of motile micro-organisms by chemical 
stimulants. Motile cells, which are therefore capable of being 
similarly influenced, are also found among the Eumycetes, 
namely, the zoospores (§ 220) of the Oomycetes and Chytridiaceae, 
i.e, fungi that do not come within the scope of the present work. 
In the case of the other higher Eumycetes, the effects of such 
a stimulus are manifested by the affected individual either 
developing with particular strength towards the seat of the 
stimulus (inclining thereto) or turning in the opposite direction. 
These phenomena are termed respectively positive and negative 
chemotropism. The earliest statements and observations on 
this point were made by W. Pfeffeb (IV.), then by J. Wobt- 
MANN (VIII.), M. Wabd (VI.), M. O. Reinhabdt (I.), and others. 
More thorough investigations were conducted by M. Miyoshi 
(I.) with Mucor mucedo, Phycomyces nitens, Ehizopus nigricans, 
Penicillium glaucum, and Aspei'gillus niger, in various ways; 
iTiter alia, by sowing the spores of these fungi on the surface of a 
finely perforated mica plate, the lower side of which was in 
contact with the solution of the substance under test. The 
following were found to act as powerful stimulants on these 
fungi : ammonium phosphate, among the inorganic substances ; 
and asparagin, dextrin, and various sugars (saccharose and 
glucose) among organic compounds. Glycerin proved almost 
entirely inactive. 

The minimum quantity of any stimulant capable of producing 
a chemotactic or chemotropic effect on fungi had already been 
termed the marginal limit {Schwellenwe7'th = literally, " threshold 
value ") by W. Pfeffer. This value was ascertained by Miyoshi 
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(I.) as o.oi per cent, in the case of glucose acting on Mucor mticedo 
or Rhizopvs nigricans. On gradually increasing the dose above 
this minimum limit, a second limit is reached whereat the 
effect is one of repulsion, not attraction. Thus, in the case of 
Miyoshi's experiments, the integument of the spores of Rhizopus 
nifpncans just began to be appreciably attracted by a o.i per 
cent, solution of saccharose, the effect then increasing with the 
dose, until, at about 15 per cent., diminution commenced; and 
repulsion could be detected at about 50 per cent. The maxi- 
mum distance at which the influence of the stimulant could 
be detected was, in the case of the germ tubes of Rhizopus 
nifjncans and Phycomyces nitens, about twelve to fifteen times 
the longitudinal diameter of the spores. 

Two different explanations have been put forward as to the 
nature of the intimate causation of negative chemotropism. 
Massart (I.) assumes that osmotic action is really in question, 
and that consequently the repulsion of the fungus from the seat 
of the stimulus is a result of plasmolysis, due to the high con- 
centration of the solution. On the other hand, Pfeffbr (IV.) 
and Miyoshi found a series of substances which produce an 
effect of repulsion in all stages of concentration : e.g, potassium 
chlorate, alcohol, all the acids so far examined, &c. Consequently 
both workers hold the opinion that this effect cannot be ex- 
plained as the result of osmosis (like the case of the other sub- 
stances), but is attributable to a specific power of repulsion. 

The relation between the strength of the stimulus and the 
degree of effect produced was investigated by Pfeffer, and found 
to agree with the general law enunciated by Weber, viz. " The 
magnitude of the reaction increases in arithmetical progression, 
as the magnitude of the stimulus increases geometrically." Of 
course the application of this law is here confined within cei-tain 
limits, and is therefore excluded when positive chemotropism 
begins to turn into negative in consequence of a strongly in- 
creased concentration of the stimulant. 

Further investigation is merited by the question of how far 
chemotropic action is concerned in the phenomenon known as 
rheotropism, the outward sign of which is the adoption by 
fungoid hyphse of a definite position with respect to the direc- 
tion of flow of the surrounding liquid. Jobnsson (I), to whom 
we are indebted for the first observation on this point, found 
that the mycelial hyphse of Botrytis grow against the current, 
but those of Mucor and Phycomyces with the stream. The first- 
named fungus he termed positively rheotropic, the other two 
negatively so. 

The tendency of fungoid hyphse to grow towards a positively 
chemotropic stimulus is manifested not merely when the latter 
is freely accessible, but also when it is separated from the in- 
fluenced fungus by a partition. In some species and under special 
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conditions, this tendency is expressed by the excretion of sub- 
stances capable of attacking and perforating the said partitions. 
Among such substances may be mentioned carbon dioxide and 
oxalic acid, which come into action more especially when the 
fungus is in contact with a calcareous substratum, such as an 
egg-shell or a bone. On this point a number of experiments 
were conducted by K. Lind (I.) with Aspej'gillus nigei\ Penicil- 
lium glaucum, and Botrytis cinerea. 

Of the organic substances naturally forming such a partition 
wall, viz. either chitin or cellulose, together with allied carbo- 
hydrates, the first comes under consideration in all cases where 
the fungus endeavours to perforate the shell of an insect. In 
order to effect this it has need of an enzyme capable of dis- 
solving chitin, on which point several reports have been made 
by ZoPF (X.). However, even when the object infested with 
the parasitic fungus is a fungus itself, the collaboration of 
a similar enzyme is necessary, since chitin (§ 226) forms a 
principal constituent of the membrane of many members of this 
class. The faculty of excreting an enzyme capable of dissolving 
cellulose and allied carbohydrates becomes mainly apparent 
when higher plants are infested by a fungus. The first notice 
of the occurrence of such an enzyme in Kuwycetes was that of 
DB Baby (II.) in 1886, in the case of Sderotinia (Peziza) 
Ldbertiana; and a similar one was recorded in 1888 by M. 
Ward (I. ), in an allied species injurious to lilies. A year later, 
E. Kissling found the same faculty in Sderotinia FtLckeliana^ 
and this was confirmed by J. Behbens (IV.), M. Miyoshi (II.), 
and M. Nordhausen (I.). Subsequently, on the basis of his own 
experiments, M. O, Reinhardt (I.) came to the conclusion that 
the membrane-dissolving enzyme secreted by the first-named 
Sderotinia is dijfferent from that of the second species. This is 
by no means surprising, in view of the great variety of carbo- 
hydrates (§ 227) taking part in the structure of the vegetable 
cell wall. The ability of Botrytis cinerea to secrete an eDzyme 
capable of dissolving true cellulose has been demonstrated by an 
experiment, carried out by J. Behrens (IX.) in a manner to 
which no objection can be raised. On the other hand, Penicil- 
lium glaucum, P, liiteum, Bhizqpus nigricans, and probably also 
Monilia frvd^igena, have been proved incapable, though, with 
the exception of the last-named species, they can attack the 
so-called central lamella (§ 119) and therefore secrete a pectin- 
dissolving enzyme. Another organism capable of dissolving 
true cellulose is the vine-root mould, examined by J. Behrens 
(XII.), and termed by him Pseudo-Dematophora, This is a 
non-pathogenic mould fungus occupying an unknown position 
in the botanical system ; it grows generally on wood, and has a 
particular affinity for vine- wood, which it rots and destroys. 

According to Czapek (II.), the lignified cell walls of higher 
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plants consist of an ethereal combination of cellulose with a 
substance to which he gives the name hadromal. The dissocia- 
lion of this compound and the liberation of cellulose, are 
probably effected by an enzyme which this worker has dis- 
covered in certain fungi, ejj, dry-rot (§ 80), and which he terms 
hadromase. Fungi that have invaded trees and timber find, in 
the bark and cambium layer of same, oftentimes large amounts 
of glucosides, such as salicin, populin, amygdalin, coniferin, &c. 
Thanks to the action of certain excreted enzymes, such as 
emulsin, they are able to utilise for their own nutrition the 
carbohydrates separable from these substances. A number of 
these parasites were examined in this respect, with affirmative 
results, by E. Bourquelot (III. and IV.). Further mention of 
Eumycetes enzymes capable of decomposing glucosides will be 
made, with reference to certain special examples, in a later 
section. 

However useful to parasites may be the faculty of secreting 
an enzyme capable of dissolving the cell walls of the infested 

host, there are certain cases 
where the parasites can dis- 
pense with this faculty and 
still attain the end in view. 
This is effected by the 
purely mechanical pressure 
exerted by the apex of the 
hypha on the cell wall of 
the host, when the hypha 
itself has formed an appres- 
sorium (§237) and thus pro- 
vided an abutment. In this 
manner it succeeds in per- 
forating the cell wall This 
faculty has been confirmed 
by M. MiYOSHi (IL) in the 
case of Penictllium glaucum 
and Botrytis cinerea, both of which proved capable of penetrating 
thin gold leaf quite free from holes. In this case chemical action 
was entirely precluded. When fungoid hyphsB obtain a footing 
on the epidermis of such parts of plants as exhibit stomata, they 
often prefer to obey the chemotropic attraction exercised by the 
cell contents, in a peculiar manner, by growing towards the 
nearest stoma, passing, by this means, into the interior of the 
plant tissue, and then penetrating the* cell membranes, which 
are far thinner than that of the epidermis. An example of this 
is shown in Fig. no. The successful entrance of the hyphsB in 
this manner is not, however, invariably followed by the further 
development of the parasite, the sequel depending on the con- 
stitution of the cell contenta The latter, without prejudice 




FiQ. no.— Bhizopus nigricans. 

HyphsB from five spores, which, twenty- 
seven hours previously, were sown on the under 
surface of a leaf of Tradescantia discolor that 
had been injected with a 2 per cent solution of 
ammonium chloride, making their way to the 
stoma, and passing there through into the in- 
terior of the leaf tissue. Magn. zoo. (After 
Miyoshi.) . 
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to their property of attracting the invader, may be of such 
a character as to preclude its growth. Further information 
with regard to this biologically interesting and practically 
important question may be found in handbooks on plant 
diseases; and a few relevant remarks will also be made later 
on in connection with the rotting of fruit and "sweet-rot" in 
grapes. 

In the absence of a more favourable opportunity, a few general 
remarks on the secretion of proteolytic enzymes (§ 170) by 
Eumycetes may be made here. The first record of a gelatin- 
dissolving Eumycetes enzyme was that made by Adolf Hansen 
(I.) in 1889, in cultures of Mucor muoedo and Penicillium 
glatunon. Two years later it was shown by A. Weidbnbaum 
(I.) that Oidium lactis and Oidium albicans differ from one 
another, inasmuch as the latter does not cause the liquefaction 
of. the gelatinous nutrient medium under any circumstances, 
whereas liquefaction is produced by the former organism when 
the medium has an acid reaction. According to Zopf (X.), 
Hormodendron cladosporoides is incapable of secreting such 
an enzyme. Subsequently, C. Wehmer (XII.) examined a 
number of mould fungi in this connection, and found that, when 
grown in a nutrient medium (beer wort, dextrose-nutrient- 
salt-solution) containing 10 per cent, of gelatin, the following : 
Aspergilltis niger, 4- oryzce, A. candidits, A. minimvs, A. OdianuSy 
A, novis, Penicillium glaucum, P. olivaceum, P. itdHcuniy P. luteuniy 
Botrytis cine7*ea, and Cephalothecium roseum will liquefy about one 
half the medium within ten days, and produce complete lique- 
faction in two to three weeks. The results were indefinite in 
the case of Aspergilliis glaucus, A. fumigatus, and A, variana. 
According to later reports by the same worker, a slight liquefac- 
tion of the gelatin is also effected by Mucor Mouxii and M. 
javanicus. In the course of a comprehensive investigation on 
the occurrence and activity of a gelatin-dissolving enzyme in 
various members of the vegetable kingdom — including a 
number of fungi — Fermi and Buscaglioni (I.) obtained 
affirmative results with sundry edible fungi, as also with 
Claviceps purpurea^ Aspo'gillus flaws, &c. 

The occurrence of enzymes capable of dissolving casein was 
investigated by E. Bourquelot and H. Hi^rissey (I.), who 
found such a one present in about 20 out of 126 species of fungi 
examined, e.g. in Amanita muscaria, Boletus edulisy <fec. Both 
workers hold this enzyme to be identical, or at least certainly 
very nearly allied to, trypsin, since, like the latter, it furnishes 
tyrosin. ^J. Hjort (I.) succeeded in detecting the presence of 
similar enzymes, capable of digesting fibrin, in various higher 
fungi ; they afterwards completely degrade the peptone formed, 
from the above substance, along with leucin and tyrosin. Egg 
albumin is also attacked at the ordinary temperature. Zopf 
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(X.) has published an observation on fungi capable of dissolving 
horny matter (keratin). 

Dlastatic enzymes, i.e, such as are capable of converting 
starch into sugar, are also very often (§ 117) found in Eumycetes. 
Many species of the latter are specially productive in this 
respect, and are employed on this account in the fermentation 
industries ; this is particularly the case with the species of 
MucoT that will be described in § 240, and the Koji fungus 
{Aspei'gilliis oi'yzce) dealt with in the last section but one. At 
present we shall not treat of the technico-mycological side of 
this faculty, but merely make a remark of a general physio- 
logical character, namely with regard to the dependence of the 
formation of this enzyme on the external conditions. In this 
connection W. Ppepfer (V.) and Jul. Katz (I.) examined 
Penicillium glaucum, AspergillvA niger, and Bacillus megatherium y 
and found that these two Eumycetes produce diastase, even in 
the absence of starch, provided no adverse influence comes into 
play. Such an influence has been traced to the presence of 
various sugars, in the case of Penicillium glaucum, the formation 
of diastase at medium temperatures ceasing when the (otherwise 
identical) nutrient media received an addition of either i .5 per 
cent, of saccharose, 2 per cent, of grape sugar, or 10 per cent, 
of galactose. The secretion was also retarded by 5 per cent, of 
maltose. Enriching the nutrient properties of the medium is 
succeeded by an increase in the limit of the foregoing additions. 
In the case of Aspergillus niger, an addition of even 30 per cent, 
of saccharose merely restricts the formation of diastase (at 
31.5** C.) without suppressing it altogether. The amount of 
diastase secreted per unit of time by this fungus was found to 
be greater (other conditions being equal) in the case of cultures 
in which provision had been made for the immediate separation 
of the resulting diastase by additions of tannin. 

Enzymes (lipases — Hanriot (I.) — or steapsines — W. Bieder- 
MANN (I.)) capable of decomposing fats, are found not only in 
the pancreas, blood, and other corporeal fluids of all animals 
hitherto examined, but also in the vegetable kingdom. Their 
occurrence in Eumycetes was first detected in the case of 
Penicillium glaucum, the discovery being made by E. Gerard 
(II.) and L. Camus (I.). They were then found by the last 
named (II.) in Aspergillus niger, and by R. H. Biffen (I.) 
in an unidentified fungus infesting the cocoanut. J. Hanus 
and A. Stocky (I.) reported having observed the production of a 
similar enzyme by a number of mould fungi in the course of 
their investigations — referred to in a later section — on mouldi- 
ness in butter. It is not improbable that several varieties of 
lipases exist in the fungoid kingdom. The faculty of producing 
such an enzyme is of particular importance when the nutrient 
medium is rich in fat, e.g, in the case of fungoid parasites 
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infesting the fatty matter of insects. This faculty may be 
regarded as non-essential to such fungi as make their habitat on 
oilcake (§ 235) and consume the fat therein, since — as has been 
shown, particularly by W. Sigmund (I.) — the oil seeds frequently 
contain lipase, and it is very probable that some portion of thia 
is left behind in the oilcake. It is, however, doubtful whether 
this residue has not already lost its power, and is consequently 
incapable of being utilised by the infesting organisms, the 
lipases being very sensitive to injurious influences (acids, salts^ 
<fec.) For this reason, it may be remarked in passing, all 
attempts at their isolation in a pure state have failed. The 
capacity of producing fat-decomposing enzymes is certainly 
possessed by the fungi which, within a few months, reduce the 
fat content in the mud of settling tanks in waste- water 
purifying plant, from over 20 per cent, to almost nil Sundry 
highly instructive experiments on this point have been 
conducted by J. Beghold (I.), 

With regard to the various enzymes of yeast in particular, 
full details will be given in a later section. 
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SECTION XI. 
FERMENTATION BY ZYGOMYCETES. 

CHAPTER XLIII. 

MORPHOLOGY AND SYSTEMATOLOGY OF THE MUCORS. 

§ 234.— Subdivision of the Order of Zygomycetes. 

The Order of Zygomycetes (§221) is characterised by the 
capacity of forming zygospores. According as these resting 
cells are able to envelop themselves in a more or less completely 
developed capsule, or remain naked, the corresponding Zygo- 
mycetes are divided into two sub-groups. The higher of these, 
viz. the one forming the spore capsules, has received the name, 
" carposporangial,'' from Brefeld, who united the whole of the 
members into a family, a few particulars of which will be given 
in § 237. Antithetical to these are the remaining, or ** exo- 
sporangial," Zygomycetes, as they were termed by Brefeld. It is 
with this (larger) sub-group, the sporogenic organs of which 
remain naked, that we have first to deal. 

The occurrence of several methods of fructification in one 
and the same species of fungus has already been mentioned in 
§ 223, and is specially prevalent among the Zygomycetes. Apart 
from the characteristic zygospores, they are able to ensure the 
reproduction of the individual in other ways, special aptitude 
in this direction being exhibited by the genus Ghoanephordy 
which, in addition to zygospores and gemmae, also puts forth 
conidia and endospores. In all other Zygomycetes only one 
or other of the two last-named methods of fructification is 
exhibited by any one individual. Sporangial fructification is 
characteristic of the Mucor family, a number of examples of 
which will be more closely considered later on. 

The other Zygomycetes, on the contrary, exhibit conidial 
fructification, and are divided into three families, which do not 
come directly within the scope of the present work, and will 
therefore be dismissed with a few brief explanatory remarks. 
The family of the EntomophthoresB forms a connecting link 
between the orders of Zygomycetes and Oimiycftes, The species of 
this family are almost exclusively parasitic on living organisms 
(insects, fungi, ferns), and one of them will, from its effects at 
any rate, be, superficially, known to the reader, namely, Umptisa 
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muscoB, the cause of a disease attacking the house-fly in late 
summer and autumn. From this cause numbers of these in- 
sects are found to adhere^ straddle-legged, to walls and windows, 
and become surrounded by a distinct white aureole, consisting 
of unicellular conidia dispersed by the conidiophores protruding 
from the body of the insect. These conidia germinate into a 
structure similar to a budding mycelium (§219); and it is 
owing to this faculty that the wraith of the house-fly has for so 
long made its appearance in the controversy on the origin of 
the Saccharomycetes (§ 344). 

The second of the three families of conidiophorous Zygo- 
mf/cetes, namely, the Piptocephalidese, on the other hand, lacks 
the faculty of producing budding cells (like the third family), 
and is distinguishable by the feature that the zygospore ap- 
paratus consists of five cells instead of three, as also by the fact 
that the conidia are multicellular. The members of this family 
are parasitic on various species of Mticor, to the hyphae of which 
they attach themselves by means of special organs (haustoria), 
and then penetrate the interior for the purpose of abstracting 
nourishment. This behaviour they exhibit in common with 
the species of the third family of conidiophorous Zygomycetes, 
namely, the ChsetocladiaceaB, whose conidia are unicellular and 
may be regarded as sporangia, whilst the contents are united to 
form a single endospore, instead of being divided into several. 
By this feature they reveal the connection, as regards progress 
of development, between conidial and sporangial fructification. 

We can now collect the above particulars into the form of a 

Schematic subdivision of the Order of Zygomycetes. 



Zygomycetes : 

Phycomycetes 
capable of 
producing 

zygospores 



(a) Naked 
zygospores 



(a) Exhibitin.&r sporangiar 

frnctification, but 

lacking conidial 

fructification . . . 
(/3) Exhibiting conidial' 

fructification, but 

lacking sporangial 

fructification . . . 
(7) Exhibiting both spor-l 

angial and conidial VChoanephprece. 

fructification . . .J 

{h) Zygospores enclosed in a capsule . .-! 



MucoraeecB, 



Entomophthoreoe, 
Piptocephalidece. 
Chcetodadiacece. 



Carposporangial 
Zygomycetes. 



Of these six families, only the first and last will be dealt 
with in the following paragraphs, chiefly from the standpoint of 
Physiology and the technology of fermentation, leaving out of 
consideration their morphology and development except in so 
far as mention of these is absolutely essential to our purpose. 
Readers desirous of obtaining fuller information on the two 
latter points are referred to Alfred Fischer's (III.) monograph 
^n the Phycowycetes and Zygoinycetes. 
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§ 285.— Subdivision of the Mucor family. 

From the explanations in the preceding paragraphs, the 
MucoracecB may be defined as Zygomycetes which exhibit spor- 
angial) but not conidial, fructification, and produce naked 
zygospores. This family may be subdivided into three sub- 
families, of which, however, only one falls within the scope of 
the present work, whilst the others will merely be referred to 
in order to facilitate comprehension of the connection existing 
between them. 

The sub-family of ThanmidieaB is characterised by the posses- 
sion of two kinds of sporangia : on the one hand, a large, 
normal, polysporous sporangium, on the crown of the sporangio- 
phore (terminal sporangium) ; and, on the other hand, certain 
far smaller sporangia, which are situated lower down and put 
forth by whorled lateral branches of the sporangiophore. This 
second kind of sporangia are destitute of columella, contain only 
a pair of endospores — sometimes only a single one — and are 
known as sporangioles. The most closely investigated member 
of this sub-family, Tliamnidium elegaiis, is shown in Fig. 1 1 1 . 
Starting from observations conducted by Bbefeld (IX.), the 
dependence of fructification, in this species, on the external 
conditions (chemical composition and concentration of the 
nutrient substratum ; temperature) was examined by J. Bach- 
MANN (I.). This worker demonstrated that, by controlling these 
conditions, it is possible to compel the fungus to produce either 
terminal sporangia or sporangioles exclusively, or both together, 
or again to remain barren of fruit. 

The second sub-family of the Mucoracece, namely, the 
PilobolesB, is distinguished by the feature that the ripe spor- 
angium — owing to its peculiar structure — is released, and even 
forcibly expelled from, the organ on which it has been developed.. 
Of the species belonging to this group, mention may be made 
of Pilobolus crystallintis, which is often found on horse droppings. 

Finally, the Mucorese constitute the third sub-family. They 
are distinguishable from the first by producing only a single 
kind of sporangia, which, unlike those of the second sub-famSy^ 
do not separate from the sporangiophore before discharging 
their contents, but remain attached thereto after burstings 
The discharge is effected in consequence of either the lique- 
faction or brittleness of the membrane of the ripe sporangium. 

One of the genera in this third family, viz. the genus 
Sporodtnia, is characterised by the forked branchings of its spor- 
angiophores and the suspensores of the zygospores. This form 
is represented in Fig. 107. On the other hand, in all the re- 
maining Mticoreoe — which have been arranged into five genera 
by A. Fischer (III.) — these organs are either not branched at. 
all or at least not forked. 
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The genus Phycon yres is characterised by the ponsession of 
Bpiuoua prolongations on the bu pensorei and Bporangiophorea, 
which latter are unbranched olive green m colour ai d possess 
metallic lustre 

One species ot this genus Pkycomyees niterts is plentifully 

met with in empty oil-casks on oil cakes in concentrated fodder 

works and similar placea and puts forth stiff upright spot 

angiophores 7 to 30 c m long and 50 to jO fi in diameter 

These become crowned with an nitially orange but finally 

black globular sporai gium ozgtoio mm across exhibiting 

a cylindrical columella and filled with ellipse !al jellow brown 

thick walled endospores 1 6 to 30 

fi long and 8 to 15 fi broad It 

has not yet been a. certamed 

whether this species feed on the 

fats pre ent in the aforesaid 

medi im m fact the whole ques- 

) tion of the deLomposition of fats 

'^ ^ jy M^ U^^ *»> mould funt,i ( 133) on which 

/li « ^fc3 '-^^NeJw**'' sundry obseivat ons have been 

'^?|fe^§'-' TT^ communicated b\ R H Schmidt 

^ J I ) and by Rpithausen and Bah 

I IIANN (11), IS a matter still 

Fia.,„,-Mu™rmuon«i„eu. requiring closer attention. _ 

Brefeid. The genus Mucor is distin- 

Newij buret gporaDgium. m ts the guished by the ftbsence of spiny 

SSrS*S!:"i:a''i,S'."SS branch,. ;« the ,u,peB=ore., by 

phores, and by the liquefaction 
of the ripe sporangium membrane. The contents of the ripe 
sporangium are only partly consumed in building up the spores, 
the remainder serving as a matrix wherein the individual ripe 
spores are embedded and separated from each other. Now this 
matrix is capable of distension, and holds the crowd of spores 
together, even in microscopical preparations ; whereas on the 
other hand the sporangial membrane, being liquefiable, is either 
quite invisible in such (aqueous) preparations, or at most is only 
seen as a residual trace at the point of attachment to the sporan- 
giophore. An attempt is made to portray this in Fig. 1 1 2. The 
outside of the sporangial membi'ane is found to be more or less 
closely set with crystals of calcium oxalate, A few of the species 
composing this genus are pathogenic, and therefore interesting to 
the pathologist, since they are able to set up mycosis (in this oase 
Mvcor-mycoais) or fungification of the body they have infested, 
or into which they have been artificially inoculated. Of these 
pathogenic species of Mucor— some of which have not yet been 
properly examined and classified in a botanical sense — mention 
may be made of the following : Mucor punillus, discovered by 



THE GENUS MUCOK. 71 

Lindt ; Mucor c&ryinhifer, examined by Lichtheim, and which is 
probably identical with Lindt's Mucor racemostcs, subsequently 
also named Rhizopus ramosus ; finally Siebenmann's Muco7' septa- 
tiiSf which is perhaps the same as Mncor racemosus. These patho- 
genic species have all been tried on warm-blooded animals, and 
therefore thrive at incubation temperature. 

§ 286.— The Genus Mucor 

was established by Micheli as far back as 1729. During the 
succeeding 140 years it received attention at the hands of 
a large number of workers, and a considerable number of 
species have been described — for the most part imperfectly. 
The species of this genus may be divided into three groups. 
One of them comprises all the species with unbranched spor- 
angiophores, the chief representative being AIiico' nmcedOy with 
which is associated M. mucilaginetiSy (fee. The species of the 
second group may exhibit clustered branchings of the sporangio- 
phores ; they include Mucor racemosus, M, erectus, M. tenuis, 
M. fragilisy M, coryinbifer, and M. pu^il/v^. Finally, the char- 
acteristic feature of the third group is a more or less decided 
sympodial branching of the sporangiophore. This group com- 
prises Mucor spinosus, M. circinelloides, M, alternans, as well as 
the M. Rouodi, M.javanicus, <kc., described in § 240. The former 
will now be described from a morphological standpoint, their 
physiological characteristics being deferred for consideration 
until § 239. 

Muco^' inticedo is the oldest known species, and was first fully 
described by O. Brefeld (I.) in 1872. The development of its 
mycelium has already been diagrammatically illustrated on 
p. 2. From the mycelium itself arise stiff sporangiophores, 
30 to 40 /A thick and (according to the conditions of growth) 
2 to 15 cm. in height. The apex of each supports a single 
globular sporangium, which is closely covered with fine needles 
of calcium oxalate, and usually measures 100 to 200 /x in dia- 
meter, though, as shown in Fig. 113, it may be much smaller 
under unfavourable conditions. The spores, which are in the 
shape of an elongated ellipsoid, and about twice as long as they 
are broad, may differ in size in one and the same sporangium, 
the usual measurements, however, being 6 to 1 2 /x and 3 to 6 /x 
respectively. The cell contents are faint yellow in colour, the 
membrane colourless and smooth. The zygospores, the gradual 
development of which is represented in Fig. loi, germinate by 
putting forth direct an unbranched sporangiophore with an 
attached sporangium. This species does not produce gemmae. 

A sporangium of AJucor mucilagineus — which was first men- 
tioned by Brefeld (IV.) — is shown in Fig. 112, which also 
reveals the considerable dimensions of the spores. These are 
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oval, 30 to 33 It long and 15 fi broad. It lias an affinity for 
horse-droppioga, and is revealed, in cultures ob this medium, by 
the surface of the sporangiophore being thickly covered with 
fine drops, as though bedewed, 

Mucar ro'-emoms FreSfTtiui exhibits riot merely the clustered 
branching of the sporaBgiophore, shown in Fig. 1 14, and a some- 
what different development of the columella, but also the forma- 
tion of chlamydospore 8 already mentioned iti g 223. These are 
not peculiar to this species, but are found on several allied 
kinds, though in others they are entirely lacking. Conse- 
quently, Brefeld (VIII.), to whom we are indebted for thorough- 
going researches on this point, united the former into a new 
genus, Chlamydomucor ; and on this account Mucor racemomiS 
also appears in the literatvire, under the synonymous designa- 
tion, Chlamydomuear racemomis. It produces sporangiophorw, 
■which, according to the environment, measure g to 40 m.m. in 




I. SporBnginiD of uormil dlroenaiODB, m, the membrsne; sp,t\a apon 

. Ii. Betldus of an en plied aponnglDm. Onir a fragment (tn) of the mai 

etc on lea point of attacnment In the eporaoglophere ; e ii the columella. Mi 

3. Stunted dwart iporangla, with only a lew iporea and devoid of columell 

rom an tDdividnal Infeiled with a paraaltlc fungus (Fiptocephalis). Magn. y 



heif^ht and 8 to 20 fi thick. Each of the several branches is 
crowned with a sporangium, zo to 70 ji in diameter. The 
apores are globular, or of short ellipsoid form, and measure 
6 to 10 ^ in length by 5 to 8 p in breadth. Fuller particulars 
respecting allied species, many of which are probably nothing 
but sports, will be given in ^ 240 and 241. 

Mucor eredua Bainier has already been mentioned (§ 2ii) as 
an instance of a fungus forming azygospores in addition to 
zygospores. As there shown in two Figs., sporogenation pro- 
ceeds in this species in a manner similar to the typical forma- 
tion of zygospores, in so far as two opposite gametes are 
produced. 

This procedure is more decidedly evident in the case of Mucor 
tenuis Bainier, there being no approximation of the pairs of 
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sporangiophores. The azygospores are formed, singly and inde- 
pendently, on the apices of branches of an erect sporangiophore, 
arising from the nutrient substratum (or the mycelium), and 
which therefore assumes a clustered appearance. It is repre- 
sented in Fig. 115. On the other hand, normal zygospores have 
not hitherto been discovered on this fungus. 

Mucor fragilis Bainier resembles the foregoing species as 
regards the structure of the sporangium ; except that the latter 
is smaller. The same applies also 
to the spores, which are oval in 
shape, about 4 /x in length, and 2 
^ in breadth. 

Mucor spinosus van Tieghem 
owes its specific name to the spiny 
projections, exhibited, to the num- 
ber of about a dozen, on the crown 
of the cylindrical or pearshaped 
columella. In preparations sub- 
merged in water, the membrane 
quickly dissolves and vanishes from 
sight, leaving a picture recalling 
that of the head of a conidiophore 
of any Aspergillus. On this account 
the fungus was at one time called 
Mucor asj)ergilloides, though the 
name has now gone out of use. 

Mucor circinelloides van 2'ieg- 
hem, and Mu^cor alternans van Tieg- 
hem , are very similar in a morpho- 
logical sense, particulars on which 
point will be found detailed by 
Alf. Fischer (III.). The former 
of the two has been drawn by 
Gayon (VI.), and the other by 
Gayon and Dubourq (III.). Mor- 
phologically, both species form con- 
necting links between the allied genera Mucor and Circinella, 
which latter differs chiefly from the former by the drooping 
manner in which the sporangia overhang and by the resistance 
of their membrane. 

Mv^cor piriformis, which was first discovered (on rotten apples) 
and described by Alfred Fischer (III.), was so called on account 
of the pear-like shape of the columella, the broader (about 
140 to 280 fi) upper end of which extends a distance of about 
200 to 300 fi within the sporangium. When light is admitted 
to cultiu-es of this fungus, grown in a suitable nutrient solution, 
it elaborates comparatively large quantities of citric acid from 




Fig. 1 1 4. — Chlamydomucor race- 
mo8ua Brefeld. 

1. Branched sporangiophore. 
Magn. 80. 

2. Optical section of sporangium, 
more highly magnified (300 times). 
(A/ter Brefeld.) 
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Bugara, as was pointed out byO. Wehhbb (X.). In fact a patent 
has been taken out in Germany (No. 91,891) for a process of 
manufacturing citric acid by this means. The subject will be 
mentioned again in a later chapter. 



g 237.~RhizopeEe. 

The higher, or carpoaporaogial, group of the Zyj/omyeetes 
{§ 234) can be divided into two families : Rhizopeie and Hor- 
tierellie. The former of these exhibits iti a lower degree a 
peculiarity more highly developed in the 
second family, n»mely, the formation of an 
integument, which surrounds the sporogenic 
organ and therefore raises it to the dignity 
of a true spore fruit. This second family 
does not come within our purview, and all 
that need be said about it is that all its 
species, especially Morliei-ella Ro'tafiniikii — 
which occurs on horse-dung and was discovered 
and closely examined by Brefeld (IY. and 
IX.) — exhibit this method of fructification. 
From the earliest period of their development 
the zygospores are surrounded by a progres- 
sively increasing network of hyphffi, which 
spring from the E^Jjacent mycelium, branch 
extensively, and finally weave themselves 
into a felted capsule surrounding the zygo- 
spore on all sides. A leas extensive develop- 
ment is exhibited by the integument, which 
endeavours to envelop the sporangium ; it 
does not increase to more than a dense cluster 
of hyph», which surround the lower end of 
the sporangiophore, without, however, being 
able to reach the sporangium itself. A view 
of this is given in Fig. 116. 

In the family Rhizopeie, however, which 
comprises the two genera Rhizopus and 
Abeidia, this integument of the zygospores 
is either absent (Bhizopm) or only slightly 
developed (Ahsidia), being arrested at the 
stage of spiny processes protruding from the suspensores. 
The special position of this family, outside the exosporangial 
Zygomyeetes {§ 234), forming as it does the connecting link 
between them and the Mortierella, cannot therefore be founded 
on this indefinite characteristic of integu mentation, but rather 
depends on the property it shares with the family just men- 
tioned, namely, the development of stolons and the resulting 
peculiar conformation of the thallus. Whereas in the Mucorete, 
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which closely resemble the lihimpea: in many other respects, 
the sporangiophores spring fi'om parts of the mycelium that 
are not in any way specially distinguishable from the rest, 
there is developed between these two organs, in the Mortier- 
ella and Rhizopew, an intermediate organ which determines 
the location of the sporangiophore. 
This is effected in the following 
manner : a hypha, which, from ite 
peculiarities, is called a stolon, 
begins to project outward from the 
mycelium growing in and upon the 
nutrient substratum. Describing a 
considerable curve, this stolon endea- 
vours to make its way to a sub- 
stratum, which may either be a 
distant portion of the nutrient 
medium, or the walls of the vessel 
in which the latter is contained. 
The peculiar nutational movement 
described hy the apex of the growing 
stolon, was more closely examined 
by J. WoRTMANN (XIV.) in the case 
of Rhho}me nigrirans. On coming 
into contact with the desired sub- 
etratum, the stolon first endeavours 
to attach itself thereto by putting 
forth a system of short h J ph* which 
fit close against the substi'atum and 
on account of their branched and 
root-Iike form are termed rhizoids 
In their entirety thej constit te an 
adhesive oigan called an appres 
soTium, which IS copioush 'mpplied 
by the stolon with nutrient materials 
from the d stant mycelium and in 
turn puts forth stolons of the second nrenna 

1 * ™i . J .. c ti The lower end of the sporuifflo- 

order. These now extend to fai ther phore «) is enveloped by h pieiuB o( 
distances and produce appressoria of f,!J,^* ile''atoi'on''(ai '^i^gn**!!^ 
the second order, which foi'm the (lifter Brtfeid.) 
starting point for stolons of the 

third order, and so on ; and in this manner the vicinity of the 
nutrient substratum is overrun with a fine network extending 
over a considerable area. It is from this network, and not 
from the mycelium itself, that the sporangiophores proceed, 
springing from well-defined centres. Thus, in the case of the 
genus Ehizopm, the sporangiophores take their rise exclu- 
sively from the appressoria, from each of which spring usually 
three to five, more rarely up to as many as ten. In the genus 
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Absulia, on the other hand, the sporangiophores spring from the 
crown of the arch formed by the currad stolon. 

The development of appressoria is a consequence of the 
mechanical attraction exerted on the tip of the stolon by the 
objects with which it comes in contact If means be taken 




Fia. iir.— Bhliopus nigricmia BbrenlMig. 
la the extremity o(  ilolon, which has developed Into the ippreMgrlam (h). Thta 
ia Ule atartintt point of the aporangiophorea ((\ tonr o( whlcSi ire ahown with the 
igia (>) unbroken, nhllat the columella <e) la all that remaina of tha arth. Magn. 



to prevent the occurrence of such contact, for example by 
compelling the stolon to grow vertically downwards, the stolon 
itself will develop into a sporangiophore direct Instead of 
forming an appressorium, the apes — as J. Wortmann (XIT.) 
has shown in the case of Rhizopus nigrieam — develops into 
a normal sporangium. Another instance, in the fungoid king- 
dom, of the effect of such contact attraction — which is also 
frequently observed in the higher plants, especially in the 
curvature of tendrils — is met with in Phycomyces nitens, and was 
first noticed by Errera (YIII.), but afterwards more fully 
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investigated by Wortmann (XI IT.). The sporangiophores of 
this Mtbcorea when gently touched at the side, cuive in such a 
manner that the place touched assumes a concave form. This 
phenomenon is termed haptotropism. We are indebted to 
A. DE Bary (II.) for the earliest observations on the relation 
between contact attraction and the formation of appressoria in 
fungi. The matter afterwards engaged the attention of M. 
BuESGEN (II.) — in the case of Botrytis cinerea — and others. 

Rhizopus nigricans is the best and longest known member 
of this family. In 1818 it was described by Ehrenberg under 
the name Mticoi' stoloni/er, which is still used by several 
workers ; and the same authority afterwards conferred on it 
the new appellation. This saprophyte readily and almost 
invariably infests vegetable substrata — e.g, fruit — when the 
latter have been exposed to the air for some time in a damp 
condition. The stolons often attain a length of 3 cm. ; the 
sporangiophores may grow to a height of 4 m.m. (Fig. 117). 
The sporangium is pure white at first, afterwards yellow, and 
finally almost black. When ripe, the membrane liquefies on 
coming in contact with water, and therefore ceases to be visible 
in ordinary microscopical preparations. In such case, beginners 
generally mistake the large columella for the wall of the 
sporangium. The spores are of varied form, mostly oval, and 
their longitudinal measurement is 6 to 17 /a. 

The name Mhizopus oryzce has been given by Went and 
Prinsen Geerligs (I.) to a fungus discovered by them in Ragi 
(241), the sporangia and spore of which organism are con- 
siderably smaller than those of B. nigricans. Nevertheless, 
fluctuations in size are met with in both cases, according to the 
conditions of nutrition and development. This species was 
examined by C. Wehmer (XIY.), who failed, however, to find 
any fundamental difference between the same and B. nigricans ; 
and it is therefore probably nothing more than a variety of this 
last fungus. 



CHAPTER XLIV. 

FERMENTATION BY MIJCORS. 

'§ 238.— Intramolecular Respiration and Alcoholic 

Fermentation. 

The exhalation of carbon dioxide, to which the name respiration 
has been given, may occur, in both animal and vegetable cells, 
under two widely different sets of conditions ; either in the 
presence and unrestricted access of oxygen, or in the entire 
absence of this gas. In the former case the process is termed 
oxygen respiration ; but only a few remarks can here be made 
in connection therewith, for the most part to supplement the 
thorough description given in Pfepper's (III.) Handbook of Vege- 
table Physiology, The volumetric ratio between the absorbed 
oxygen and the evolved carbon dioxide, or, as it is termed, the 
quotient of respiration (COg : Og), was found by Saussure, as long 
ago as 1833, to vary with the nature and actual condition of the 
plant under examination, as well as with the conditions of 
nutrition. With regard to this latter factor, it was shown by 
DiAKONOW (II.), in the case of Penicillium glaucum, that — other 
conditions being equal — the quotient of respiration is equal to 
unity when the foodstuff is sugar, but 2.9 when tartaric acid 
forms the nutrient substance. Puriewitsch (III.) then demon- 
strated, in the case of Aspei'gilliis niger, that an increase in the 
concentration of the nutrient solution causes the quotient to rise 
at first, but afterwards to recede. The influence of temperature 
on the quotient of respiration was investigated by 0. Gerber (I.) 
in cultures of the last-named fungus grown in Raulin's nutrient 
solution, with an addition of tartaric (malic or citric) acid, either 
alone or in conjunction with saccharose, as the organic foodstuff. 
Mention has already been made in § 233 of the influence of the 
degree of illumination on the quotient of respiration, as well as 
on a few other points in connection therewith. 

We shall have to deal in a more thoroughgoing manner with 
the second kind of respiration, to which the name of intra- 
molecular respiration has been given in consequence of a pro- 
posal made by Pflueger in 1875. This phenomenon consists of 
the persistent exhalation of carbon dioxide by cells excluded 

from a supply of free oxygen. The sole materials for this 
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respiration are the carbohydrates, and in fact, primarily and 
directly, only certain kinds of sugar, which are decomposed in 
such a manner as to fm*nish, in addition to carbon dioxide, a 
residual product poorer in oxygen. This product, however, is 
by no means a uniform entity, but consists of a mixture of 
several substances, alcohol being an invariable constituent. In 
higher plants the energy with which carbon dioxide is liberated 
during intramolecular respiration is not infrequently on a par 
with that exhibited in normal respiration, and indeed is in some 
cases even superior ; though, as has been shown by Wilson (I.), 
it is always inferior thereto in the case of fungi. All the 
preliminary conditions necessary to the inception of such 'a 
process of decomposition are present in the case of sweet (germ- 
free) fruits that are kept, uninjured, for a long time out of 
contact with air ; and, in fact, it was in connection with such 
fruits that the fii'st observations on intramolecular respiration 
were made, early in the nineteenth century. At that time 
the phenomenon was known as the autofermentation of fruit 
(see § 20). The extensive literature of this subject has been 
collected in a meritorious treatise by C. Gerber (I.). It is not 
within the province of the present work to go more closely 
into the boteinico-physiological aspect gf this phenomenon ; and 
besides it will be found thoroughly reported in the above- 
mentioned Handbook of Pfeffer's, by all who are interested in 
the matter. 

The first observation of intramolecular respiration in fungi 
was that of Bail (I.), who, in 1857, showed that the mycelium 
of certain (unspecified) Mucors, when kept submerged in a 
saccharine liquid and out of contact with air, assumes an unusual 
form (see § 219), and instead of consuming the sugar to carbon 
dioxide, as it does in presence of air, converts the same in such 
a manner as to produce alcohol. This new fact was seized upon 
by Pasteur (II.), who endeavoured to utilise it as a pillar of 
suppoi-t for his novel theory of fermentation. This we have 
already referred to in § 1 6 and §113, mentioning at the time 
that it is not universally applicable. In fact it is only uncon- 
ditionally true in the case of a single group of phenomena, 
namely those produced by strictly anaerobic agents, the butyric- 
acid bacteria in particular. On the other hand, difficulties are 
encountered in the case of alcoholic fermentation, Njegeli (III.) 
having shown that this fermentation, when excited by yeasts, 
proceeds just as well, or even better, in presence of free oxygen as 
when that gas is excluded — a result entirely opposed to the theory 
in question. Nevertheless, the observations of Pasteur and his 
predecessors, concerning the production of alcohol by Mucoreos, 
under the specified conditions, remain unimpeached ; only, this 
formation of alcohol must not be regarded as perfectly identical 
in nature with the alcoholic fermentation excited by yeasts. 
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Mention will be made further on respecting the difference 
between the two processes. 

As already hinted, the presence and accessibility of certain 
kinds of sugar must be regarded as an indispensable preliminary 
condition for the occurrence of inti-amolecular respiration ; and 
this will be more fully elucidated . in subsequent paragraphs. 
Even under otherwise equal conditions, differences exist among 
the various fungi in respect of the extent to which intra- 
molecular respiration may develop, and of the energy with 
which the resulting liberation of carbon dioxide proceeds. In 
some species the phenomenon seems almost entirely absent, and 
in others, ejj, Rhizopics nigricans, it is very feeble. According to 
DiAKONOW (I.), Peniciiliuni glaucum and Aspergillus niger cease to 
give off carbon dioxide very soon after the exclusion of air has 
been effected, and they perish within an hour, even when grown 
in nutrient solutions containing sugar. In this case, as was 
shown by Pasteur (III.) and Brefeld (XIII.), merely extremely 
minute traces of alcohol are formed. According to a private 
communication from Prof. Hansen, Schioenning has failed to 
confirm the contrary report of Elfving (I.) to the effect that he 
found considerable amounts (up to 4.2 per cent, by vol.) of alcohol 
in cultures of the first-named fungus ; consequently this report 
must undoubtedly be based on error. Apart from the true 
alcohol-yeasts, in the restricted sense of the term, the producers 
of the largest (percentage) quantities of alcohol are to be found 
among the Mucoreoe, The behaviour of these under the con- 
ditions inducing intramolecular respiration will be dealt with in 
the next paragraph. 

We will now turn to the difference between intramolecular 
respiration and alcoholic fermentation, and ask ourselves whether 
this difference is one of principle or merely of degree. Those 
who inclined to favour the latter hypothesis were able to advance 
many circumstances in its favour. The chief products (alcohol 
and carbon dioxide) and the subsidiary ones (glycerin and 
succinic acid) are the same in both decomposition processes. The 
objection raised by the opposite party, namely that the ratio of 
transposition is different in intramolecular respiration, and that 
a smaller quantity of alcohol is formed per unit weight of sugar 
consumed, was disposed of by the discovery of Godlewsei and 
PoLZENiusz (I.), in 1897, to the effect that peas stored out of 
contact with air produce 1 01 to 103 parts of alcohol to 100 parts of 
carbon dioxide exhaled, i.e. nearly as much as the 104.5 V^^ cent» 
that should result from alcoholic fermentation according to Gay^ 
Lussac's equation. Nevertheless, so far as we are able to judge 
in the present state of our knowledge, there exist two funda- 
mental differences between the processes in question. One of 
them has already been mentioned, namely the inception of 
alcoholic fermentation by yeasts in presence of air ; and tha 
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second will become apparent as the mechanics of the two pheno- 
mena are examined and compared. As observed in higher plants 
and Mucorece, intramolecular respiration is undoubtedly an intra- 
cellular process, a manifestation of vitality on the part of the cell 
as such, and therefore inseparable from the corpus of the cell. 
On the other hand such a local limitation cannot be assumed in 
the case of alcoholic fermentation by yeast since it has become 
known that this phenomenon is not due to the action of the cell 
per se, but to a contained enzyme that is able to exert its powers 
outside, and independent of, the cell in which it originated, and 
can incite the aforesaid decomposition of sugar when placed in a 
test-tube. Through the discovery of this new fact, the pheno- 
menon of alcoholic fermentation by yeast has lost, at one blow, 
its character as a direct manifestation of vitality on the part of 
the yeast cell, and has been transferred to the category of enzy- 
matic action. Consequently, those who defend the hypothesis 
that these two processes are identical in principle, and differ 
merely in degree, will have to seek for the concomitant action 
of a similar enzyme in intramolecular respiration as well. So 
long, however, as this has not been proved we must still uphold 
the assumption that, on the basis of facts — so far as these are 
known — a distinction must be drawn between the formation of 
alcohol by intramolecular respiration (proceeding entirely within 
the cells themselves) and the alcoholic fermentation excited by a 
yeast enzyme (which may also act outside the cells). Neverthe- 
less, for the sake of simplicity, we may still continue to speak in 
the following paragraphs of alcoholic fermentation induced by 
MucoreoBy provided the difference specified be borne constantly 
in mind. 

§ 239.— Mueor Fermentations. 

Bail, who discovered that alcohol is formed by intramolecular 
respiration in certain species of Mucora, did not further investi- 
gate the chemico-physiological aspect of the question. Further- 
more, the researches of Pasteur (III.), the next labourer in this 
field, suffer from the defect that he did not work with pure 
cultures, without which here (as elsewhere) no reliable results 
can be obtained ; and besides, these experiments were mainly 
undertaken for the sole purpose of supporting the new theory of 
fermentation. Hence Fitz (IX.) was really the first (in 1873) to 
examine the question from the chemical side, Mueor racemosus 
being the organism selected for the purpose. Then followed U. 
Gayon (V.), who in 1878 tested Mueor spinosus and M. circinell- 
oides for the possession of the faculty in question. Undeniably 
pure cultures, however, were first employed by E. Ch. Hansen 
(VIII.), who in 1887 reported on his experiments with Miccor 
mttcedo, M. racemosuSy M, erectvs, and M, spinosus. His dis- 
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coveries were afterwards supplemented by other workers who 
will be mentioned later on. 

The degree of susceptibility towards alcohol is an important 
factor in solving the question as to the suitability of these fungi 
for the purposes of the distiller, since it is this sensitivity which, 
other conditions being equal, determines the attainable produc- 
tion of alcohol. Another influential factor is the fermentative 
activity, i.e. the duration of time in which a given quantity of 
alcohol is produced. A few reports on this point are collected 
below : — 

Mucor muredo has produced : — 



According to { After In 


Alcohol 


Pasteub (III.) 
Beepeld (XV.) 
FiTz (XI.) at 30*' C. 
Hansen (VIII.) at 23° C. 
and at room temperature 


14 months 

• • • 

7 weeks 

15 days 

6 months 


wort 

must 
wort 
wort 


1.8 % by weiglit 

2.6 % ., 
0.8 % „ 
0.5 % by volame 
3.0 % „ 



Mucor vacemosus has produced : — 



According to 
FlTZ(IX.) . 

Bbbfeld (XIII.) 
Bbefeld(XIII.) 

Pasteue (III.) . 

Pasteue(III.) . 
FiTz(XI.) . 

Hansen (VIII.) . 



After 



f '* many \ 
\ months " / 



In 



2 years 

2^ years 
i^ months 

12 months 



{ 



must 

nutrient \ 
soln. j 



wort 

must 
wort 



At 



25-26'' C. 

I5*'C. 

/ high ^ 
\temp./ 
f room \ 
\temp. j 

25-30" C. 

{rooml^ 
temp, j 



Alcohol 



3.5-4.0% b weight 
4.5% 



up to 



5-5% 

3.3% 

3.4% 
2-3-2.7% 



>> 



«» 



'» 



11 



7.0% by volume 



According to U. Gayon (Y.) the production of alcohol by 
Mucor s/nnosu8 ceases as soon as the amount formed attains 1.5 
to 2.0 per cent. ; but Hansen, on the other hand, succeeded in de- 
tecting 5.4 per cent, by volume in wort cultures at 22° C, after 
6 J months. Mucor circinelloideSj according to Gayon (VI.), pro- 
duces 5 .5 per cent, of alcohol. Mucor erectvs, according to Hansen, 
when grown in wort cultures at room temperature, furnishes 8 
per cent, by volume in 2^ months, but only 7 per cent, at 25° 0, 
It therefore probably forms an exception to the rule applying to 
all the other Mucorece mentioned, namely, that they produce 
larger quantities of alcohol at higher temperatures than at lower. 
Thus, according to FiTZ (IX.), Mv^or racemosus is very sluggish 
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in this respect at temperatures below 15* C. The weakest of all 
seemsto be lihizoptis m^ncan«, which, according to Brefeld (XY.), 
ceases its activity as soon as 1.5 per cent, of alcohol has been 
formed. None of these species of Mucor can be used for distil- 
lery purposes, since they are far surpassed in competition by a 
number of true yeasts, which are capable of producing an equal 
quantity of alcohol in a much shorter time, and also to carry on 
the fermentation much further. With respect to a few other 
species, proposed and employed for this purpose, further particu- 
lars will be found in §§ 240 and 242. 

Caxbon dioxide, being the most important, in quantity, of the 
other products of intramolecular respiration in MtLcorece^ will be 
dealt with next. The reliable quantitative determinations of 
the production of this gas are very few in number, and for these 
we are mainly indebted to Fitz (IX.) and Gayon (YI.). The 
former worker, as the mean of nine experiments with Mucor 
racemostis, determined the ratio (by weight) of alcohol to carbon 
dioxide as 100: 1 23.1 ; and Gayon obtained similar values for 
Mucor circinelloideSj whereas, according to the Gay-Lussac 
equation, the ratio should be 100 : 95.6. The formation of alde- 
hyde and succinic acid in this process was first observed in 
cultures o? Mucor racemosus by Fitz, and in those of M. circinell- 
oides by Gayon, the last-named estimating the amount of this 
acid as 2.07 grms., and the amount of the resulting glycerin 
as 0.92 grm., per 100 grms. of saccharose consumed. These 
experiments with Mucor racemosus were afterwards resumed, with 
cultures of reliable purity, by O. Emmerling (III.), who obtained 
the following results from a culture grown for three weeks in a 
nutrient solution of saccharose and mineral salts, at 25° C, air 
being excluded: alcohol, 1.46 per cent.; succinic acid, 0*02 per 
cent. ; glycerin, 0.12 per cent. The mutual ratio between these 
three products is 1 00 : 1.4:8.3. The amount of succinic acid seems 
to differ with different species ; at least Brefeld (XIII.) states, 
on the basis of his experiments with Bhizopus nigricans, Mucor 
mucedOj and M. racemosus, that cultures of the first of these 
organisms yield the relatively largest proportion of acid, and 
those of the third the smallest, though still more than is furnished 
^yy beer yeast under similar conditions. These results pre- 
sumably relate solely to succinic acid ; at least this is probably 
the case with M. racemosus, since, according to Ph. Biourge (I.), 
this organism does not produce any volatile acids. Products of 
the ester class have been often observed to result from the 
intramolecular respiration of Mu^orece ; e.g. an odour resem- 
bling that of pears, in cultures of M. racemosvs by Brefeld, 
and one recalling that of plums, in Mucor circindloides by 
"Glayon. 

We will now inquire as to the kinds of carbohydrates which 
jmay be drawn upon by the Mucorece for the purpose of forming 
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alcohol ; and we will divide these into sugars on the one hand 
and starch and dextrin on the other, so as to be able to classify 
the species of this genus on the basis of their practical applica- 
bility. Starch and dextrin do not yield alcohol direct, but only 
after they have been converted into sugar ; consequently they 
can only come into consideration in the case of such Mucors as 
are capable of producing saccharifying enzymes. These species 
will be fully described in the next chapter, and for the present 
we will deal solely with the formation of alcohol from sugars, 
and with the inversion of the latter. So far as is known, 
saccharose is split up by only two of the species hitherto men- 
tioned. One of these — according to Fitz (IX. and XI.), Bre- 
PELD (XY.), and Hansen (VIII.) — is Mturor racemosus ; the 
other was observed by the last-named worker, and ia» probably 
nothing more than a sport of the same organism. These two 
species produce an inverting enzyme, which faculty constitutes 
a sharply defined distinction between them and the Mucor and 
Bhizopus species hitherto known. Hansen's comparative ex- 
periments revealed the importance of this physiological charac- 
teristic as a means of differentiating the individual species ; and 
its value for the purpose in view is so much the greater from 
the fact that its occurrence in these two species, and absence 
in all the rest, is quite independent of the environment ; which 
is more than can be said of morphological characteristics. It is 
therefore advisable to point out at once that saccharose cannot 
be inverted or fermented by Mucor mucedoy M. erectvs, M. spin- 
osuSy M, cdtemans, M, circinelloides, M, Motixii, or Mhizopus 
nigricans, though they can draw upon it as a source of carbon. 
On the other hand, with the exception of Bhizopus nigncanSy 
they can all attack maltose and convert it into alcohol. Whether 
the fermentation is preceded by a fission of this disaccharide 
into hexoses,^ as occurs in fermentation with true yeasts, has not 
yet been investigated. None of them is capable of converting 
galactose into alcohol direct, though they can do so after inver- 
sion, as shown by Fitz (XI.) in the case of Mucoi* racemosus^ 
This latter is therefore equally incapable with the other six 
species of producing an enzyme that can hydrolyse milk sugar. 
According to Dubourg (I.), trehalose can be fermented to 
alcohol by Mucor alternansj though raffinose cannot. From 
dextrose and laevnlose each of the above-mentioned Mucorece 
can produce alcohol by intramolecular respiration ; and the same- 
naturally also applies to the invert sugar formed from sac- 
charose, by chemical reagents or the preparatory activity of 
other organisms. Presuming the above-mentioned preliminary 
hydrolysis of maltose to be correct, the formation of alcohol by 
the intramolecular respiration of Mucorece will fall under the- 
same law as has already been found to prevail, without excep- 
tion, in the alcoholic fermentation excited by Saccharomycetes; 



MUCOR FERMENTATIONS. 85 

and other budding fungi, namely, that the hexoses alone are 
capable of furnishing alcohol direct. 

Basing on the one hand on the impregnability of saccharose, 
and on the susceptibility to dissociation of the hexoses on the 
other, Gayon (IV.) has attempted to elaborate a process for 
extracting sugar from molasses. The chief feature of the pro- 
cess is the decomposition, by Mucor circindloides, of the invert 
sugar, which, as is well known, prevents the crystallisation of 
the accompanying sacchai*ose in molasses ; the resulting alcohol 
is then distilled off, and the saccharose is finally separated from 
the residue by crystallisation. 

In the manufacture of snuff, a certain part seems to be 
played by the intramolecular respiration of Mucars, especially in 
connection with the after-fermentation in the so-called " pig- 
tails" to which reference has already been made in § 105. 
Here, as also in tobacco pressed into casks, Miciol (I.) very 
often found Mtbcor mtocedo, in addition to the Sporodinia grandis 
at that time known as Mttcor flavidus, J. Behrens (III.) after- 
wards found a second species (Mricor racemosiis) both in the pig- 
tails and on tobacco leaves, both green and dry ; and he also 
observed that this latter organism acts therein as a producer of 
alcohol, drawing upon the sugar contained in the " sauces " 
(§ 105). On the other hand, he rarely succeeded in finding 
Mucor species on tobaccos that were not treated with " sauce." 

With regard to the part played by Mucors in turning bread 
mouldy and in the rotting of fruit, this and correlative questions 
will be dealt with in the final section. 

O. Johan-Olsen (II.) in describing the preparation and com- 
position of Gammelost (a Norwegian cheese), states that certain 
species of Mucor — Mucor casei, and Chlamydomucor casei, both 
new species — take part in the ripening of this product. The 
experiments of Weigmann (X.) confirmed that, owing to their 
strongly developed capacity for degrading casein, fungi of this 
kind are able to take part in the ripening of cheese, and also 
to affect the flavour of the article by forming pungent fission 
products. 



CHAPTER XLV. 

THE USE OF MUCOREiE IN THE SPIRIT INDUSTRY. 

§ 240.— Mucor Rouxli and other species of 

Amylomycetes. 

The faculty of producing diastatic enzymes and thereby exerting 
a saccharifying action on both starch and dextrin, is possessed by 
a considerable number of the Mucors. For the earliest informa- 
tion on this point we are indebted to U. Gayon and E. Duboubg 
(II.), who observed this faculty in Mucor drcinelloides in 1886, 
and also found that this organism was only capable of exerting 
the influence specified when it developed in aggregations of 
gemmae, but not when in the form of its normal mycelium. 
Shortly afterwards they reported (III.) on further similar experi- 
ments with Mucor altemans, and demonstrated that, under equal 
conditions, this organism converts starch into maltose and not 
into a hexose. The faculty is lacking in other species, e,g, 
Mucor racemosiLS, which, according to Fitz (IX.) also leaves 
inulin unacted upon. There are other more powerful species 
of Mucors, which, on account of their practical importance for 
the spirit industry, will now be fully described. 

For the preparation of rice spirit there is produced in China, 
Cochin China, and the neighbouring countries, an article known 
as Chinese Teast, and put on the market in the form of flat 
mealy balls, about the size of a half-crown. Its preparation, 
composition, and application were first described in 1892 by 
E. Calmette (I.), whose reports were extended and supple- 
mented by C. EiJKMAiT (II.) in 1894. According to these 
authorities this so-called yeast is prepared by mixing equal 
quantities of husked rice — steeped in cold water — or rice meal 
and water, and pulverised aromatic drugs. The number of the 
latter varies, in different recipes, up to 46, but always includes 
garlic and galanga root. The resulting stiff paste is divided 
into small cakes of the shape mentioned above. These are 
laid on mats, previously coated with a thin but close layer of 
moistened rice husks (paddy), or are covered over with a layer 
of rice straw, and are kept in the dark for two to three 
days, at an air temperature of about 30** C. The balls, which 
by this time smell like yeast and have become coated with a fine 
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white ' velvety covering, are next dried, either by exposure to 
the sun, or (in rainy weather) by gentle fire heat, and are then 
packed into bags for sale to the distillers. In India and China 
these balls are employed in the following manner : about i ^ parts 
by weight of the finely crushed or ground mass are sprinkled 
over 100 parts of husked rice, that has previously been softened 
by boiling in water and cooled down sufficiently by spreading 
it out on mats. The two are intimately mixed together, placed 
in earthenware pots holding about 4^ galls. (20 litres), so as to 
half fill the same, and are left covered up. The starch gradually 
saccharifies, and the mass consequently becomes partly liquid. At 
the end of about three days the pots are fiUed up with river water, 
and the sweet liquid is left to undergo alcoholic fermentation, 
which sets in very soon. This stage lasts two days, and the 
mash is then distilled in leaden retorts heated by direct fire. 
Each 100 kilos, of rice furnish about 60 litres of spirits, con- 
taining about 36 per cent, of alcohol. 

The flora of Chinese yeast consists of bacteria, which, how- 
ever, are of no moment ; then yeast cells, which must be regarded 
as the exciting agents of the alcoholic fermentation ; and certain 
Mucors, which effect the saccharification of the starch. Of the 
last-named organisms, which alone concern us here, Calmette 
isolated a species, which, in honour of his teacher and colleague, 
E. Roux, he named Amylomyces Eoitxii. He did not, however, 
ascertain anything definite respecting the morphology of this 
fungus and its position in the botanical system ; but it was 
afterwards recognised as a Mucor by Eijkman, and its name 
changed to Mucor amylomyces Rouxii, The first thoroughgoing 
investigations regarding the progress of development of this 
organism were published by C. Wehmer (XI.) in 1900, who at 
the same time proposed to shorten the name to Mucor Rouxii, 
According to this worker the sporangiophore — which is about 
I m.m. long and 7 to 14 /x broad — is generally branched, and in 
many cases is decidedly sympodial (see Fig. 118). According 
to the conditions of nutrition the sporangia are either upright 
or declinate, globular, glass- clear and yellowish when ripe, and 
attain up to 50 /x in diameter. When they fall into decay a 
considerable remainder of the smooth, colourless membrane is left 
as a collar on the sporangiophore. The columella (Fig. 119) 
is globular, slightly flattened, smooth, colourless, and measures 
23to32/Aby2oto28/x. The spores are colourless, glabrous, and 
generally elongated (5 to 2.8 /a), rarely globular, and completely 
fill the sporangium. It is worthy of mention that the failure 
to form sporangia noticeable in many Phycomycetes is also 
observed here as a frequent occurrence, the sporangium, instead 
of ripening, either ceasing to develop more than half-way, or 
else germinating as a tube in place of forming spores. This 
phenomenon does not appear in cultures on rice, but most usually 
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occurs in those on sugar-agar, thus affording here a new and 
beautiful example of the influence of the conditions of nutrition 
on development. The myceliimi produces an abundance of 
gemmae, of different sizes and shapes, either globular (from lo 
to I o ) /x in diameter) or oval. They are colourless, or pale yellow 
to light brown, and have a very thick, smooth, colourless mem- 
brane. It is solely in the form of these resting cells that the 
fungus appears in Chinese yeast, to which, as Calmette has 
shown, it gains access from the rice husks and rice straw. This 
explains why, in many places, the manufacturers of Chinese 
yeast consider it indispensable to press a few moistened rice 
husks into each of the fresh, pasty yeast cakes. As soon as the 





Fig. 119.— Mucor Rouxii. 
Sporangium almost entirely empty. 

Fiff TTfi— Mucor HoiiTii ^^^ ^' ^® ^®^^ ^^*^^ hanging in large 

*ig. ii8.-Mucor nouxii. g^^jg^g ^j^ ^^g sporangiophore. In front 

Sympodial branched sporangiophore, of the globular columella are still lying 
from a y-days old culture on sugar-agar. three spores. From a culture on rice. 
Magn. about 160. (After Wehmer.) Magn. about 230. {After Wehmer.) 

gemmae arrive in a suitable nutrient medium they put forth 
germinating tubes and develop into mycelia. Up to the present 
no zygospores or yeast-like budding cells have been observed in 
this fungus. When grown on solid media (steamed rice in par- 
ticular) the mycelium gradually assumes a highly characteristic 
orange colour due to golden yellow drops (oil ?) appearing in 
the cell, but only at room temperature, though not at 40** C. 
The optimum temperature for the development of the myceliimi 
lies between 35'' and 40° C. According to Calmette, a tempera- 
ture of 75° C. kills the organism within half-an-hour, and 80° C. 
is fatal in 15 minutes. 

The same observer states that the diastatic enzyme produced 
by Mucor Rcmxii exerts its most powerful effects at 35 to 38** C, 
and is destroyed on being warmed to 72° C. According to 
BoiDiN and Rolants (I.), the sugar thus formed from the starch 
is glucose. Like laevulose, saccharose, maltose, and lactose, this 
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sugar serves as a source of carbon to the fungus, and is burnt off 
provided there is direct access of atmospheric oxygen to the 
mycelium. If, on the other hand, the latter is compelled to 
remain submerged in the nutrient substratum, the glucose is 
also converted into alcohol. A. Sitnikoff and W. Rommel (I.) 
state that the same also occurs in presence of /:?-mannose, fruc- 
tose, galactose, trehalose, maltose, dextrin, and a-methyl glu- 
coside, but not in presence of raffinose, lactose, saccharose, 
melibiose, xylose, arabinose, rhamnose, tagatose, jQ-methyl gluco- 
side, inulin, &c. The inability of this fungus to produce invertin 
was recognised by J, Sanguinetti (I.). This worker also per- 
formed a series of comparative experiments on the effective 
force and conditions of the diastatic enzymes produced by Mzocor 
Rouxit, M. altei^nans, and Aspei^gillibs oryzoi^ and found that the 
last-named is weaker than the other two, so far as regards the 
saccharification of dextrin, the greatest power in this respect 
being exhibited by the second. The appearance of free acids 
in the cultures of Mucor Bottxit is also recorded by the same 
observer ; Calmette supposes oxalic acid, Eijkman, on the con- 
trary, lactic acid. The amount of acid may be so abundant as 
to kill the culture. The industrial utilisation of this fungus 
in Europe will be dealt with in the next paragraph but one. 
At present we will conclude with the remark that Boidin and 
Rolants' proposal to employ this fungus for converting into 
sugar, or alcohol, the dextrin left in the residues from distilleries 
operated on existing lines, would probably be too expensive out- 
side the laboratory. 

P-Amylomyces and y-Amylomyces are the names of two 
species of Mucoi' which have recently found employment in 
the so-called amylo process (§ 242), instead of Mucor Rouxii 
(a-Amylomyces). Colette and Boidin found the /? species on 
Japanese rice, the other (y-Amylomyces) on Tonkin rice; and 
we are indebted to A. Sitnikoff and W. Rommel (I.) for fuller 
researches on their morphology and physiology. According to 
these workers, cultures of these two species on a nutrient 
solution containing glucose can be readily distinguished from 
those of Mucor Eouxn,hy the circumstance that, whereas the latter 
develops as a weakly, barren mycelium almost entirely within 
the liquid, the jQ and y species, on the other hand, also grow on 
the surface, forming well-developed aerial mycelia, which pro- 
ject above the level of the liquid a distance of as much as 3 cm., 
and bring forth sporangia. The latter often develop in a special 
manner. Instead of the tip of the sporangiophore gradually 
•enlarging to a sporangium, the swelling here constitutes merely 
it preliminary stage. It does not itself develop into a sporangium, 
but puts forth one or more threadlike processes which may then 
become crowned with sporangia (one each). This is illustrated 
in Figs. 120 and 121. In both species the ripe sporangia are 
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black, and of slightly flattened globular form, the transverao 
diameter varying between 45 and 95 fi, whilst the longitudinal 
diameter is about 1 5 /n smaller. The spores are oval or elliptical, 
brown in colour, and attain the following dimensions, in the 




FIQ. 120.— SporonglstJoa Id fi~Aios\oD.,^^ 

if the hyphs produces in the  



The globular iwelliiig at tbe apex of the hypba prodncee in the one case tiro 
bnnshM, each eamint: a ipoiangluin, in Che olher csee Ave branches, three or them 
eihlblting each  ilngle iporangium In diBerent Btagee of developnjent. MagD. abont 
tiD. (After Itommel'K otiffifuil dra^BiJtg.) 





fia. Ill Sporanglation In Y-AmrlomjceB. 

. the knohUke aweltlng has put lorUi three biancbea, ea 
the other, one ol the bmnchee Is short and has no eporam 
- ' — ■■— linalo, and carrjing sporangia. Magn. about 8. 



dry state; /3-species, length about 9 /i, breadth about 5.7 ^; 
y-apecies, 7 and 4 /i respectively. The formation of gemnife 
on the mycelia is of very frequent occurrence, especially when 
air is excluded. The behaviour of these two fungi towards 
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sugars was examined by the Lindner micro-fermentation method. 
The results showed that gluoose, fructose, <i-mannose, galactose, 
maltose, and dextrin are fermented by both these species, 
alcohol being formed ; whilst, on the other hand, saccharose, 
melibiose, raffinose, and inulin are fermented by the ^-species 
solely, and trehalose by the y-species exclusively. The a- and 
the ^-methyl glucoside remained unacted upon by either. 
Potato-starch paste, liquefied by an addition of nutrient salts, was 
saccharified more effectually by each of these two species than 
by MtLcor Rouxii in a comparative experiment. This activity 
has already been utilised in practice, and preference is given 
to the two new species in working the amylo process. In re- 
spect of energy in the production of alcohol they appear to be 
inferior to the other ; but this does not lower their efficiency 
when used merely as saccharifying agents. 

Mticor Gamhodja, which was isolated from Chinese yeast and 
carefully examined by T. Chrzaszcz (I.), will produce i'o6 per 
cent, of alcohol in twenty days in a nutrient solution containing 
10 per cent, of dextrose. Sporangiation proceeds in a similar 
manner to the two last-named species of Amylomyces ; but the 
organism differs from these by forming rhizoid processes, and 
therefore presumably belongs to the genus Bhizopvs. 

§ 241.— Ragi and Tapej. 

The raw material employed in Java for the production of 
arrack consists of waste molasses from sugar works, containing 
about 20 to 30 per cent, of glucose (or invert sugar) and 25 to 35 
per cent, of saccharose. This molasses is reduced to about 15° B^. 
(26*6*' Ball.) by dilution with river water, and is then treated, 
in order to reliably accelerate alcoholic fermentation, with an 
auxiliary, which is comparable with the leaven (§ 148) used in 
European distilleries, and is known as Tapej. This is prepared 
from rice by the aid of a second auxiliary material, which the 
Malay natives of Java term Ragi or Baggi, and the Chinese 
settlers call Peh-Ehak. 

According to A. G. Vorderman (I.) this Bagi is prepared by 
crushing together pieces (rich in sugar) of the sugar-cane and the 
rootstock of galanga {Alpinia galanga), and making the product 
into a paste with rice meal. Went and Prinsen Geerligs (I.) 
state that garlic and other aromatic plants also form part of the 
mixture. The paste is divided into strips, which are dried in the 
sun, then broken up, mixed with water and lemon juice, and left 
to stand for three days. The liquid portion is afterwards poured 
off, the coarser vegetable fragments are removed, and the pulpy 
residue is made up into flat, round cakes, about 4 cm. in diameter, 
which are left to dry and harden in the sun. Generally, how- 
ever, they must first be laid in rice straw for a couple of days, or 
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else a few fragments of fresh rice straw are kneaded in with the 
cakes. The dried Ragi cakes — which are sometimes called Java 
yeast — form an article of commerce in Java. 

According to Eijkman (II.), Tapej, or, as it is also called, 
Tsao, is prepared by the aid of Ragi, by boiling husked Mochigome 
rice (Ori/za glutinosa, known as " Ketan" in Java) in water till 
soft, spreading it out in a thin layer till cool, sprinkling it 
over with powdered Ragi (with which it is well mixed), and 
packing the whole into a cylindrical vessel (with a perforated 
bottom), which is then covered up with a mat and left alone for 
two days. At the end of this time the rice will be found changed 
into a semi-fluid, sour-sweet, coherent mass, which is now called 
Tapej. As already mentioned, it is used to excite fermentation 
in molasses. Its application will be again referred to in the 
next section. 

The flora of Ragi, and of Tapej as well, comprises three 
groups of micro-organisms : first, bacteria, which need not be 
considered here ; secondly, budding fungi, which will be dealt 
with in a later section ; thirdly, fungi belonging to the family 
Mucoracece. The latter alone are concerned in the saccharifi- 
cation of the starch in Tapej, and with the liquefaction of 
the mass. Went and Geerligs (I.) discovered two forms of 
these in Ragi, and bestowed on them the names GMamydo- 
mucor oryzce and Rhizopus onjzcB (§ 237), but left open the 
question as to the probability of both forms belonging to one 
and the same species. One of them is in many respects 
similar to the Amylomyces (Mucor) Rouxii already described, 
and, like this latter, also has its habitat on rice straw. Never- 
theless, certain differences have been observed between them, 
especially with regard to the absence of the faculty (possessed 
by the Mucor aforesaid) of producing alcohol from sugar when 
oxygen is excluded. In Ragi this species is found exclusively 
in the form of gemmae, which are rich in glycogen, strongly 
refractive of light, and, according to C. Wehmer (IX.), retain 
their power of germination for more than one and a half years 
when in the dry state. In Tapej they then germinate to a 
mycelium, which, however, rarely (and then only sparingly) 
succeeds in forming the (black) sporangia in that medium, 
though it will do so abundantly in pure cultures on boiled rice, 
&c. A certain interest attaches to the physiology of Chlamydo- 
mucor oryzoB, By the action of its diastatic enzyme it forms 
dextrose from starch. The amount of this sugar formed, how- 
ever, depends on the kind of starch employed, the results 
obtained by Went and Prinsen Geerligs being : with Indian 
meal and potato flour, 8 per cent. ; arrowroot, 16 per cent. ; 
wheaten flour, 29 per cent. ; ordinary rice, 44 per cent. ; and 
Mochigome rice, 64 per cent. As is well known, the starch 
granules of this last-named seed consist mainly of amylodextrin, 
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accompanied by a little erythrodextrin. It would therefore 
seem as though the fungus in question is only capable — pre- 
ferably or perhaps exclusively — of saccharifying this carbo- 
hydrate, and not the granulose which forms the chief constituent 
of starch granules in the other kinds of meal specified. Hence 
this fungus might possibly be employed as an auxiliary in 
roughly estimating the percentage of granulose in starch. The 
yield of sugar obtainable by the action of this fungus on starch 
is somewhat low. Thus, for example, in an experiment recorded 
by Prinsbn Geerligs (II.), 100 parts of amylodextrin furnished : 
1 1 o parts of dextrose by saccharification under pressure with 
an acid, but only 68.5 of dextrose when saccharified by the 
fungus. The latter consumes a certain amount of the sugar 
as a source of carbon for its own needs ; and it can also 
utilise alcohol for the same purpose. The nitrogen requisite 
for building up the cell it can take up from peptone, aspara- 
gin, and ammonium salts, but not from nitrates and nitrites. It 
is incapable of producing invertin. 

A new species, allied to the foregoing, has been described, 
under the name Mticor javanicvs, by C. Wehmer (Xill.). It 
occurs both in Ragi and Chinese yeast, mainly in the form 
of gemmae, which retain their germinative power for at least 
five years in these media. Morphologically, they closely 
resemble Mticor altemans and M. circinelloides. The mycelial 
hyphsB measure 12 to 15 // in thickness. With increasing age 
the presence of oil drops in the plasma imparts to the latter 
a decided coloration, which, however, is not so powerful as 
in the case of Mucor Rouxii, Similar fatty inclusions are also 
found in the gemmae. These latter are put forth by the 
mycelium, both upon and in the nutrient substratum, and 
attain a diameter of 4 to 20 At, being therefore far smaller 
than those of the last-named species. When the nutrient sub- 
stratum is sufficiently consistent, there springs up from the 
mycelium a dense herbage of sporangiophores, which form 
sympodial branches, attain a height of i cm. and over, and 
develop a globular sporangium on each of their six or more 
branches. The dimensions of the sporangium increase with 
the height of the support and vary between the limits of 50 
and 20 /a in diameter. The colour of the sporangium is yel- 
lowish-grey to brownish ; and the membrane is almost always 
smooth, as is also the globular (10 to 35 (m) columella. The 
spores are globular to elliptical, colourless, smooth and thin 
in the membrane, and measure 5 to 6 /£*, or 5 to 7 a^ by 4 to 
5 /u.. Up to the present, no zygospores have been observed. 
The optimum temperature of development lies between 35 and 
40" C. When developed in saccharified malt extract or in a 
solution of dextrose and nutrient salts, this fungus produces an 
appreciable amount of alcohol ; neither this matter, nor the 
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capacity of the fungus for saccharifying starch, has, however, 
yet been thoroughly investigated. 

Until further particulars are forthcoming, we must regard 
Ghlamydomucor oryzce as the principal agent in the diastatic 
process that goes on in the incipient Tapej. The gradually 
increasing quantity of sugar resulting from the activity of this 
fungus then furnishes the desired nutrient material for yeasts, 
which are either already present in the Ragi or have found 
their way — through the water or from the air — into the Tapej, 
where they reproduce freely and thus impart to this material 
the property forming the object of its preparation : namely, to 
quickly excite fermentation in the dilute molasses into which 
it is introduced when ripe. Further particulars respecting the 
yeasts in Tapej and the application of this material will be 
given in a later section. 

The natives of Java also prepare Tapej for another purpose. 
They express the sweet juice, allow it to thicken in the sun, 
and pack it in small twists made of Pisang leaves. Here it 
crystallises into crumbling masses, which are called Brem and 
furnish a favourite sweetmeat. The composition was ascertained 
to be in one case : dextrose, 69 per cent. ; dextrin, 10.6 per 
cent. ; ash, 1.2 per cent.; and water, 18.7 per cent. In addi- 
tion, Tapej is also eaten alone by the natives. 

§ 242.— The so-called Amylomyces Process. 

The Amylomyces process (or Amylo process for short) is 
the name given to the process for the industrial utilisation of 
the diastatic activity of Mucor Rouxii and several allied fungi. 
A company, the ** Societe d' Amylo," was founded by A. Collette 
and A. Boidin (I.), who also, in 1897, took out in the name 
of this company a German patent for a " process for producing 
alcohol from starchy materials, by means of aseptic saccharifica- 
tion and fermentation with Mucedinece, characterised by the 
feature that, in order to prevent the combustion of starch during 
aseptic saccharification by means of Mucedinece^ the sterilised 
raw material, treated with water, is subjected to the passage of 
a current of germ-free air, the material being meanwhile advan- 
tageously kept stirred by mechanical means; after which the 
air supply is cut off and the material is pitched with yeast, 
which, by means of the consequent rapid liberation of carbon 
dioxide, prevents the combustion of the alcohol already formed 
by the Mucedinece." 

We are indebted to A. Fernbach (II.) for a lucid description 
of the practical performance of this process in the patentees' 
works, the maize distillery at Seclin near Lille. Of this de- 
scription only the main points can be reproduced here. The 
maize, mixed with twice its own weight of water, is steamed for 
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three hours, under a pressure of 3^ to 4 atmospheres, in a Henze 
high-pressure steamer, and is then discharged into a preliminary 
mashing tun previously charged with i part, by weight, of green 
malt for every 100 parts of maize, and sufficient cold water to 
reduce the temperature of the whole to 70** C. Presumably the 
sole purpose of the added malt is to liquefy the swollen starch 
of the steamed maize, and thus render it more readily accessible 
to the saccharifying action of the fungus that is afterwards 
added. After an hour's stirring the mixture is transferred to 
an autoclave, where it is sterilised at 120° C, and whence it is 
forced, by pressure, into a cylindrical metallic fermenting tun, 
which is enclosed on all sides. In construction, this vessel 
resembles the apparatus used in breweries and distilleries for 
the production of pure-culture yeast, and therefore the intrusion 
of all extraneous germs is excluded with certainty. To sterilise 
the interior, a portion only of the sterilised wash is introduced 
at first and is treated with sulphuric acid, being afterwards 
boiled a short time by direct steam. By this means any germs 
that may be adhering to the upper parts of the inside are 
loosened by the condensed steam, and swilled down into the 
hot, acid mash, where they are quickly killed. The acid is 
said to be sufficiently neutralised by the lime present in the 
subsequently introduced remainder of the mash, which is de- 
livered from the autoclave under pressure. The total capacity 
of the fermenting vessel, as used at Seclin, is about 23,800 galls. 

iio8o hectolitres), and the charge measures about 22,000 galls. 
1000 hi.). At the present time this charge is prepared from 
about 18 tons (18,000 kilos.) of material, instead of 10 tons in the 
earlier days of the process. As soon as the fermenting vessel is 
charged, the supply of steam is shut off, and sterilised air is 
then introduced, under pressure, through a special pipe, so as 
to keep the mash under pressure during the commencement of 
cooling, which soon begins. The cooling is effected by the aid 
of water, which is caused to trickle down the outside of the 
fermenting vessel from a perforated tube surrounding same. 
The escaping air (as also the carbon dioxide given off during 
fermentation) is removed through a pipe dipping into a water 
seal, to prevent direct connection with the atmosphere. By the 
end of five hours the temperature of the contents will have sunk 
to 38° 0. They are then inoculated with a pure culture of the 
Amylomyces, rich in spores, contained in a 3-litre Pasteur flask 
charged with 100 c.c. of beer- wort and 100 c.c. of boiled rice ; this 
leaven is introduced through a previously closed special pipe in 
the upper part of the fermenting vessel, which pipe is immedi- 
ately recapped. The internal stirring apparatus, the shaft of 
which passes through a germ-tight stuffing box, is next set in 
motion, and during the succeeding twenty-four hours a gentle 
current of air is passed through the mash, which at the same 
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time is kept in motion to prevent the development of a mycelial 
herbage on the surface of the mash, since this would lead to a 
loss of material by brisk respiration. 

In twenty-four hours after inoculation, the entire mash is 
permeated with the mycelium of the Amylomyces. The forma- 
tion of sugar now proceeds with rapidity. Its fermentation, how- 
ever, according to the patent in question, is not (or at most not to 
any considerable extent) effected by Amylomycetes capable of 
exercising this function, but rather by a suiteble pure yeast, 
which at this stage is added to the mash cooled to 33° C, the 
amount taken being about 5 grams grown in about J a litre of 
nutrient solution in a Pasteiu* flask. The reproduction of this 
comparatively small sowing proceeds rapidly during the next 
twenty-four hours, thanks to the uninterrupted admission of 
air. The latter is then excluded, whereupon both species of 
fungi act conjointly during the three following days : the 
Amylomyces saccharifying the hitherto unconverted portions 
of starch and dextrin, whilst the fermentation of the sugar 
already present and that continually forming, is chiefly effected 
by the yeast. The principal task assigned to the yeast by the 
patentees is not this fermentation, but merely the formation of 
carbon dioxide, thereby ensuring the presence of an oxygen-free 
atmosphere within the fermenting vessel, and thus precluding 
the consumption of the alcohol by the Amylomyces, Oollette 
and BoiDiN (II.) afterwards, in 1898, took out an additional 
patent, in which it is explained that the yeast may be entirely 
dispensed with, if the saccharified mash be freed from oxygen 
by stopping the supply of air immediately the iodine test reveals 
that the conversion of starch is completed ; then passing carbon 
dioxide through the mash for an hour, and afterwards leaving 
the Amylomyces to proceed with its task alone. It is neverthe- 
less a fact that yeast is still added in the Amylomyces process 
plant erected in Austria-Hungary since the date of this addi- 
tional patent. An English patent for a mechanico-technological 
modification of the process was also taken out by Oollette and 
BoiDiN (III.) in 1898. 

An important simplification of this process is practised in 
the Anker Distillery at Antwerp, as reported by O. Saare (I.). 
In this case the sterilisation in the autoclave and the boiling^ 
with sulphuric acid are omitted. The mash, prepared from 
steamed maize with an addition of 2 per cent, of malt, is trans- 
ferred direct to the fermenting vessel, where it is boiled for a 
short time by steam under ordinary pressure, then cooled and 
aerated, the inoculation with the Amylomyces culture being 
afterwards effected in the manner already recorded. When 
this has done its work and the mash no longer reacts with 
iodine, an addition of yeast is given, the kind used being the 
No. II. race of the Berlin Station (§ 245). 
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It is not the author's province now to pass judgment on the 
value of the Amylomyces process from a technological and 
economic standpoint, the more so because the reader interested 
in this matter will find more precise data in the review pub- 
lished by M. Delbrueck (III.). The chief advantage of the 
Amylomyces process is the abolition of the expensive additions 
of malt requisite in the older method of saccharification, the 
amount formerly needed being up to 15 per cent, in the case of 
maize, and 2 to 3 per cent, in the case of potatoes. With regard 
to the yield furnished by the Amylomyces process, it is stated 
that in the Seclin works, 37.8 litres of absolute alcohol are 
obtained per 100 kilos, of maize containing 57.5 per cent, of starch, 
a yield corresponding to 66.2 litres per 100 kilos, of starch. 
Owing to the large proportion of mycelial hyphae, the residue 
filters easily, a circumstance of considerable value in French 
distilleries where the residues are not consumed on the premises 
for fodder, but are dried and pressed for further treatment. 

Viewed from the mycological standpoint, the advantage, 
and at the same time a source of weakness, in this method 
lies in the inoculation with such a small amount of yeast, 
and therefore in the abolition of the preparation and employ- 
ment of a yeast-mash (§ 148). In the present case the mash is 
deprived of the bactericidal lactic acid, and is therefore readily 
infested by injurious germs, should the latter be present at the 
start, or even find their way in as a result of carelessness in 
the act of inoculation, at a time when only a few individual 
organisms of the Amylomyces or yeast are present. On the 
other hand, it is claimed in favoiu" of the raw spirit formed in 
this process that it is very low in fusel oils. Another question 
(of a purely economic character) is how far the extra output of 
alcohol is counterbalanced by the increased outlay in fuel for 
sterilising the mash, and by the interest on and depreciation of 
the necessary plant, which latter very soon wears out. 

Finally, it should also be mentioned that, since 1898, the 
aforesaid patentees have replaced Mucor (Amylomyces) Bouxii 
by another species, namely, the so-called ^-Amylomyces, or 
MiLcor fiy described in § 240. This organism is capable of deal- 
ing with more highly concentrated mashes than the other, and 
enables a charge of 25,000 kilos, of maize to be mashed to 
1000 hi. (22,000 galls.) of goods. According to Boidin, a 
third species — namely, that already mentioned as y-AmylomyceSy 
or Mucor y — is able to carry the fermentation o.i to 0.2 Balling 
further than is attainable by using the others aforesaid. Lat- 
terly, however, this fungus seems to have been abandoned again, 
since it was reported, at the commencement of 1900, that a 
Luxemburg grain distillery, working with the Amylomyces 
process, had superseded the foregoing species of Mucor by 
Aspergillus oryzce (for description of which see a later section), 
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and had by this means succeeded in producing 39 litres of 
alcohol per 100 kilos, of rye taken. It may also be mentioned 
that in this distillery the steaming, mashing, cooling, and fer- 
mentation were all carried out in one and the same vessel, 
specially constructed for the purpose. The aforesaid employment 
of this last-named fungus is also protected by a patent taken 
out by CoLLETTE and Boidin (IV.). 

These same workers (Y.) have also recommended the use of 
Mucor Rouxii for raising dough, especially in hot countries 
whither pressed yeast cannot be shipped. With this object they 
prepare the fungus in question according to a special process 
patented by themselves. 
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SECTION XII. 

FORM, STRUCTURE, AND CHEMICAL COMPOSITION 

OF THE YEAST CELL. 

CHAPTER XLVI. 

MORPHOLOGY AND LIFE-HISTORY OF THE YEASTS. 

§ 243.~Position of the Saccharomycetes in the 

Botanical System. 

It was stated in§ 220 that only a few classes of the sub-kingdom 
of Mycomycetes exhibit the faculty of producing endogenous 
spores, namely, the Ascomycetes. Consequently the latter may be 
defined as endosporogenic Mycomycetes. In the same place it 
was also mentioned that the organ wherein the endogenous 
spores are formed in this class is not called a sporangium but 
an ascus, and differs from the sporangium both as regards the 
greater fixity of shape and also the number, shape, and method 
of formation of the spores therein contained. These spores are 
therefore called ascospores. 

The fundamental characteristic distinguishing the ascus from 
the sporangium resides in the behaviour of the bearer of the 
inherited properties of the organism, namely, the cell nucleus, 
during sporulation. The sporangium (p. 11) is polynuclear from 
the outset, whereas the ascus contains only a single nucleus at 
the commencement of sporulation. The nucleus — as will be 
more fully described in § 250 — reproduces by subdivision into as 
many daughter-nuclei as there will be ascospores. In the sporan- 
gium, on the other hand, as many nuclei as there will subse- 
quently be endospores are transferred from the aseptate mycelium 
to the sporangium before the separating membrane is formed. 

It is only in the least highly developed Ascomycetes that the 
ascus springs direct from the mycelium ; in all the rest it is 
developed in or upon a special organ called the carpoasctLS, and 
all the Ascomycetes fructifying in this manner are grouped into 
the sub-class of Carpoascece, Antithetical to this class are the 
lower Ascomycetes^ the Gymnoasceoe, the asci of which are naked ; 
and it is to this latter group that the most of the technically 
important yeasts belong. 

An examination of the development of the carpoasci of a 

number of species belonging to the first sub-class has revealed 
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that here the asci are produced by a special organ, to which the 
name ascogone has been given. This is a unicellular or poly- 
cellular organ springing from the mycelium and putting forth 
the asci either direct or upon branched processes. At the same 
time it surrounds itself with an envelope, of one or several layers, 
thus broadly completing the formation of the carpoascus. The 
shape of the envelope and therefore of the entire carpoascus, 
forms the principal characteristic on which the sub-class of the 
Carpoasceoe are allotted their position in the botanical system. 
When the envelope does not enclose the ascogone on all sides, 
but merely serves as a support therefor (or for the asci) on the 
basal side, leaving the others free, then a disc-like or cup-shaped 
fruit is formed, which is called an apothecituiL Ascomycetes 
producing fruit of this kind are termed Discomycetes. If, on 
the other hand, the ascogones or asci remain surrounded on all 
sides by the envelope when ripe, then the fruit is termed a 
peritheciimi, i.e. globular, oval, or in the form of a short bottle ; 
and the Ascomycetes producing same are classed along with the 
order of PyrenoniyceteSy or nuclear fungiy the second of the 
two orders into which the sub-class of Carpoasceoe has been 
divided. 

If the perithecium is of a kind that exhibits no aperture at 
all during the whole period of its existence, so that the contained 
asci or ascospores cannot escape into the open air unless the 
perithecial membrane breaks up or is destroyed, then the peri- 
thecium is termed cleistocarpous or enclosed. All the Pyre- 
nomycetes bearing fruit of this character are included in the 
sub-order of PerispoHacece, The common greenish-blue bread 
mould belongs hereto. 

On the other hand, when the perithecium is of such a type 
that, in the ripening process, it develops an orifice through which 
the asci or ascospores are able to escape, it is then said to be 
peronocarpous. The second sub-order of the Pyrenomycetes 
exhibits this kind of fruit, and is called SphcBriacece, 
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Of the DiscomyceteSf only a single species, Sclerotinia Fucke- 
liana, is of any importance in connection with the scope of the 
present work. The conidial fructification of this organism pro- 
duces " sweet-rot " in grapes, and on this account will be fully 
described in a separate chapter. Of the sub-order SphcBriacece 
we shall have three species to consider, namely : Claviceps 
purpurea, or the sclerotium of this 
organism, the detection of which in 
flour and bread is of interest to 
us ; also Sphcerella Tulasnei, and 
Sphcerella infermixta. Of the sub- 
order PenspcfviacecB we shall have 
to make the acquaintance of a 
number of species belonging to the 
families PenicUlece and Aspergillece. 
These Carpoascece will be dealt with 
in the penultimate section, wherein 
an example will be given of the 
structure and progressive develop- 
ment of the carpoascus. 

Now the Gymnoascece are char- 
acterised by the nakedness of the asci, which remain devoid of 
integument during their entire existence. This sub-class (or 
order) can be divided into three families. In the Saecharo- 
mycefes, which constitute the lowest family and therefore the 
most simply constructed of all Ascomycetes, the mycelium itself 
is converted into an ascus, and there is here no separation into 
vegetative and fructificative organs. An example of this is 
given in Fig. 122. A distinction between the organs is, however, 
exhibited in the other two families, the asci being articulated 
from the mycelium in one of them, namely, the Exoasci, where 
they form lateral offshoots resting on the mycelium. Finally, 
in the third family, the Gymnoasci, which forms the connecting 
link with the Garpoasci, incipient fructification is already found, 
as well as the intermediate organ, which we have already 
encountered under the name of ascogone. 

We thus obtain the following scheme of subdivision of the 
Order Gymnoascese : — 



Fio. 132.— Carlsberg Bottom- Yeast, 
No. 2. 
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Of these three f&milies of Gymmxterne we are, io the present 
book, concerned with only one, namely the Satcharomijede^, the 
QymWKuri on the other band being of no importance so far as 
we are concerned, whilst the E-toofci may be dismissed in a few 
words. The genera of this last-named family have been divided 
by R. Sadebbck (IV.) into two groups : the one comprising 
parasitee, the other saprophytes. The action of one representa- 
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tive of the former group, namely Tai'hrina Prutii (also formerly 
known as EjcoascrtK livni), will probably be familiar to the 
reader, viz. the malformation produced by this organism in 
green plums. According to Sadebece (II.), the ascospores of 
this fungus, when gi-own in saccharine nutrient solutions, develop 
into a budding mycelium which excites weak alcoholic fermenta- 
tion. A second species of this group, Ewlomyees decipiens, 
abounds in the lamell» of the fruit <j At/arieus {Amiiflana) 
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melleus^ a parasite attacking timber and well known to foresters 
as " honey fungus/' This second species of the Exoasci is worthy 
of mention here ; in the first place because, as can be seen from 
Fig. 123, it forms an excellent example of a pleomorphous 
fungus ; chiefly, however, because the ascospores are similar in 
shape to those of SaccTiaromyces anomaltis (to be described later 
on) and its congeners. 



o^9,op 







It was on the basis of 
this similarity that, some 
years ago, and again 
more recently, more 
than one mycologist was 
led to discuss the pos- 
sibility of the SaccJia- 
Tomycetes having origin- 
ated (S 244) from this 
species or one nearly 
allied thereto. How- 
ever, no one has yet suc- 
ceeded in arriving at 
anything beyond mere 
hypotheses in this con- 
nection J and moreover, 
similarly shaped spores 
are also found in other 
low AscomyceteSy e.g. Ascoidea rubeseens. These few remarks are 
all that it is necessary to make, from our point of view, with 




Fia. 1 24.— JohannUberg Wine Yeast, No. z. Young 
culture in wine must. Magn. 800. {Afier Ader- 
hold.) 




Fig. 125.— Schizosaccharomyces octosporus. One-day old culture in beer wort at 25* C. 
Magn. 1000. (After Sehionning.) 

regard to the JExoasci and GymnoascL On the other hand, all 
the following paragraphs, up to the penultimate section, will 
be concerned exclusively with the family Saccharomycetes. 
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This family comprises three genera: Monospora, Saccharo- 
inyces and Schizo-Saccharomyces, As the name implies, the 
first genus is characterised by the fact that each ascus contains 
only a single spore. Up to the present only one species of this 
genus is known, namely Monospora cuspidata (discovered by 
Metschnikoff), which is parasitic on and fatal to Daphnidse ; it 
is, however, beyond our province. Henceforward we have 
merely to deal with the other two genera, Saccharomyces and 
Schizo-Saccharomyces, Of the latter, only a few species are as 
yet known. Some of these are, nevertheless, worthy of attention, 
either from their technical importance, or from a physiological 
standpoint, and will therefore be dealt with in a separate 
chapter as soon as our main task is accomplished, namely the 
study of the most important of the numerous species belonging 
to the genus Saccharomyces, In these latter the reproduction of 
the cells is effected by vegetative means; and under normal 
conditions almost exclusively by the process of budding described 
in § 219. An example is shown in Fig. 124. In the Schizo- 
Saccharomyces on the other hand — as will be more fully 
elucidated later on — this process retires into the background 
and gives place to another, which closely resembles the repro- 
duction of bacteria by fission, as was described in § 42. In this 
case, instead of putting forth, like Saccharomyces, a bud which 
grows to the same shape and size as the mother-cell from which 
it sooner or later becomes detached, the cell develops a trans- 
verse partition wall, which then divides into two layers ; and as 
soon as this is effected there is nothing to hinder the separation 
of the resulting daughter-cells (see Fig. 125). It is owing to 
this behaviour that the genus received the name Schizo-Saccharo- 
myces. 

The substance of the foregoing remarks can be employed 
for drawing up a scheme for subdividing the Saccharomycetes 
family : — 
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Before entering upon the morphology and progress of de- 
velopment of the genus Saccharomyces, we will first occupy 
ourselves, in the following paragraphs, with the question of the 
alleged descent of the Saccharomycetes from other fungi ; at 
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the same time the opportunity will be utilised for defining the 
limitations and mutual relation of the terms Saccharomyces, 
budding fungi, and yeast. 



§ 244.— The Question of the Origrin of the 

Saccharomycetes. 

For some years after they had been recognised as living 
organisms (§ 12) the cells forming the chief constituent of 
beer yeast, wine yeast, and pressed yeast, had to be content 
with a position in a corner of the botanical system. Occur- 
ring as a rule in the unicellular form, or at most in aggrega- 
tions of uniform members, they offered little inducement for 
the attention of the systematist. Meyen and Schwann bestowed 
on them the new generic name, Saccharomyces (§ 13), and 
relegated them to the fungoid kingdom. On the other hand, 
Kuetzing located them among the algae, under the name Crypto- 
coccus^ for the very cogent reason that he failed to discover 
in them the formation of hyphse, which is characteristic of the 
fungi. Although the views of the two first-named observers 
afterwards prevailed, and consequently the yeasts were recog- 
nised as belonging to the fungi, it was at first difficult to find 
suitable accommodation for them within the limits of this king- 
dom, no allied species being known with which they could 
be associated. In this emergency these and a few other similar 
fungi were classed together in a new group, namely that of the 
Blastomycetes (budding fungi), which was interpolated as an 
intermediate link between the sub-kingdom of the fission fungi 
on the one hand and that of all the other fungi on the other. 
The desire, which then soon arose, to find a connection between 
this outside group and an order of the sub-kingdom Eumycetes, 
wras therefore not an artificial one, but in harmony with exist- 
ing circumstances and fully justified. The manner, however, of 
effecting the gratification of this desire, and also the unscientific 
standpoint adopted as the basis of procedure, cannot be termed 
praiseworthy. 

From the explanation given in the introduction to Vol. i. 
the reader is aware that the discovery of yeast as a living 
organism was coincident with a period when the dispute about 
primary origin raged very briskly. Now the yeast cell was one 
of the favourite objects of the attempt to prove the origin 
of organised from unorganised bodies. When, thanks to the 
labours of Pasteur and others, the theory in question was finally 
driven out of the realm of the exact sciences, many of its 
adherents considered an unconditional surrender was too much 
to be expected of them ; and in order to. preserve a little of 
the conception, they assumed that, even if the parentless origin 
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of the yeast cell from lifeless material could no longer be 
claimed with certainty, there was a probability of yeast being 
evolved fi-om lower fungi on the one hand, and into higher 
fungi on the other. 

Two circumstances favoured the inception of this opinion 
and prolonged its existence. One of them consisted in the 
lack of positively reliable pure-culture processes for enabling 
the observer to start with a single individual (in this case a 
single cell) and trace its development with uninterrupted super- 
vision, to the exclusion of all other germs. It would be setting 
too small a value on the circumspection of the workers in 
question and the adherents of the assumption that yeast is 
descended from other fungi, were one to suggest, in their 
justification, that they were not even dimly aware of the 
indispensable character of such a condition. They must there- 
fore have recognised that their method of working was un- 
reliable and led to deceptive results, and must have been 
inwardly convinced that the solution of this problem was the 
next task to be attempted. We have to reproach these ex- 
perimenters that they did not follow this inevitable knowledge 
to its conclusion, and did not devote their whole energy to 
first elaborating a truly reliable method of working. This we 
must do because the confusing results they conjured up by 
the aid of their officious culture methods, inflicted a twofold 
injury to science : first by aggravating the task of real research, 
and then by casting over the final results of the latter an 
anticipatory shadow of depreciation, which is solely due to these 
mycological necromancies. 

The second circumstance favourable to the endeavours of 
those who tried to show the descent of yeasts from other fungi 
was the discovery of pleomorphism by Tulasne. Since the 
year 185 1, this worker demonstrated, by a number of examples, 
that certain of the higher fungi were capable, under different 
conditions of nutrition, of assuming different forms; e,g, at 
one time appearing as a mycelial thread and putting forth 
conidia, at another as a sclerotium from which proceeded small 
pileated fungi. With such an instance we shall become 
acquainted, in the case of Sclerotinia FiLckelianay later on. In 
fact, in other words, it was thereby proved that many of the 
living forms which had hitherto been regarded as separate 
species of fungi, merely formed a phase in the cycle of develop- 
ment of one and the same species of fungus. This theory 
of pleomorphism — which the inquiring reader will find fully 
described in the mycological handbooks already mentioned^ 
more particularly in the treatise of A. Gilkinet (I.) recom- 
mended by A. de Bary — was established on an unassailable 
basis by its founder, by careful investigations of particular in- 
stances, and really marked a new epoch : not merely in mycology 
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alone. On the other hand, it did a good deal of mischief at 
first in the study of yeasts. 

The obvious objection that the lack of reliable methods 
of pure culture could also militate against the certainty of 
Tulasne's results, can at once be disposed of by the fact that 
this authority worked with comparatively large fungi; and, 
moreover, a study of his works will very soon induce the conviction 
that such doubts are incapable of shaking the reliability of his 
discoveries. Furthermore, his determinations in connection 
with the progress of development — which were mainly based on 
microscopical researches — were afterwards confirmed by the 
cultures prepared by A. de Bary and others. The case was, 
however, different as soon as a crowd of imitators began 
attempts to prove the existence of similar pleomorphism in the 
less easily examined lower and lowest fungi. Whereas, in the 
case of the fungi examined by Tulasne — for instance a sclero- 
tium of Claviceps pui-pnrea — it was easy to select an individual 
and test its development, it became necessary, with the micro- 
scopically small fungi, to start with a multiplicity of individuals, 
e.g, a sample of yeast, owing to the absence of any method 
of pure culture. The detection of a small percentage of germs 
of other small fungi, e.g, a few conidia of a mould fungus, was 
not such an easy matter, though the same necessarily made 
their presence felt and even assumed a predominating posi- 
tion when the environment underwent a change in their favour. 
Either in ignorance of, or stubbornly misunderstanding, this 
state of affairs, Bechamp, in 187 1, put forward the assumption 
that yeast cells could be developed from acetic bacteria. A 
year later, Tr6cul (II.) announced having made the same 
observation with spores of Penictllium. Conversely, according 
to Duval (I.), yeast cells were assumed capable of undergoing 
conversion into lactic acid bacteria. More extensive fallacies 
were advanced in 1875 ^y Robin (I.), giving renewed vitality 
to the reports of Pouchet (I.) and Bail, according to whom 
yeast cells are able to change to Mucor^ Penicilliurn.^ Aspergillus^ 
&c. Greater success was attained by H. Hoffman (III.), who 
even obtained a prize from the Paris Academy in 1870 for his 
conversions. For *' staying power," however, the palm must be 
awarded to H. Hallier (II.), who still continued to uphold, in 
1896, the hypothesis which had been relegated by A. de Bary 
to the "chronique scandaleuse" of science more than fifteen 
years earlier. 

One extenuating circumstance to be considered in passing 
judgment on most of the above-named, is the fluctuations of 
meaning sustained by the term yeast in the course of time. A 
backward glance on this point is therefore necessary, even on 
this ground alone. Apart from the vague terminology which 
permitted (§ 13) every fermentative agent, even the fission fungi. 
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to be called yeast, sufficient indefiniteness attached even to 
the limitation of this term to the ferments belonging to the 
Uumycetes. For some years after Schwann's discovery, the sole 
botanical definition of yeast was : a unicellular organism, repro- 
ducing by means of a peculiar method (termed budding), and 
exhibiting the power of forming alcohol and carbon dioxide from 
sugar. In 1857, Th. Bail (I.) discovered the occurrence of 
budding mycelia (§ 219) in the family Mucoracece^ and ten years 
later assumed the descent of beer yeast from Mtbcor racemomcs. 
Doubt on this point seemed to him to be the more inadmissible, 
as he had noticed a weak alcoholic fermentation on submerging 
these budding Mucor mycelia in nutrient solutions containing 
sugar. Under the prevailing limitation of the term yeast, the 
name Mucor yeast was justifiable, though the same cannot be 
claimed for the generalised assumption, deduced from this ob- 
servation, that a connection exists between the life history of 
yeasts and that of the higher fungi. 

Soon afterwards a successful endeavour was made by M. 
Reess (I.) to become better acquainted with the yeasts, before 
disputing over their relationship to other fungi. Following up 
the previous discovery of the formation of ascospores (§ 247) in 
the cells of wine yeast and beer yeast, he recognised the import- 
ance of this phenomenon for the systematology of the yeasts, and 
did it justice by announcing this peculiarity as a principal char- 
acteristic of the now remodelled genus SaccharomyceSj which he 
relegated to the Eumycetes group. Subsequently, the establish- 
ment of this characteristic led to a separation, which was ob- 
jectionable from the standpoint of fermentation physiology : of " 
the group of alcohol-producing budding fungi hitherto united 
under the common denomination " yeast," all those recognised 
as incapable of developing ascospores were rejected, and mostly, 
under the title " non-Saccharomyces of unknown systematic posi- 
tion," relegated to the group of Fungi imperfecti. The terms 
yeast and Sdccharomyces ceased to be coincident. Many budding 
fungi capable of exciting alcoholic fermentation, e,g, several of 
the genus I'orula^ which still have some claim to be considered 
as yeasts, are therefore excluded from the SaccJiaromyces family 
because of their inability to put forth ascospores. On the other 
hand there are certain true Saccharomijcetes, which are unable to , 
excite alcoholic fermentation and therefore have no title to the 
name yeast (in the above sense of the term), Saccharomyces 
memhranmfaciens being an example. 

After the publication of Schwann's discovery, that of Reess 
was the first advance in the systematology of the yeast fungi ; 
and it was left to E. Chr. Hansen to make the next move, viz. 
to separate the units (species, races, varieties) of the genus 
SaccJiaromyces, introduce experimental investigation into syste- 
matic description, and, for the first time, base this research on 
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really pure cultures. This he succeeded in accomplishing by 
degrees, so that the Saccharomycetes now form a large and well- 
defined family. 

Of the objections laid against the determinations made by 
Reess, that put forward by Brefeld (V.) must be briefly con- 
sidered. This worker observed, and reported in 1883, that the 
spores of smut fungi ( Ustilaginece, q.v.), when grown under special 
conditions^ bud like yeast (Fig. 126), and that the process can 
be caused to repeat itself as often as desired. These yeast 
conidia (p. 22), as they were 
termed by Brefeld and others, 
are incapable of exciting alco- 
holic fermentation or producing 
ascospores. With regard to this 
deficiency, it was justly re- 
marked by Reess (II.), that 
while Brefeld's observations in- 
creased the number of instances 
of yeast -like budding in the 
higher fungi, they by no means 
disproved the former worker's 
demonstration of the indepen- 
dence of the genus Saccharo- 
myces and its allocation to the 
Ascomycetes group. Eight years 
later, Brefeld (IX.) repeated 
his hypothesis that the yeasts 
must be regarded as conidia from 
higher fungi (of a still unknown 
genus). He was reminded by E. 
Chr. Hansen (XVIII.) that the accuracy of this assertion still 
remained to be proved ; and this latter worker also demon- 
strated, from existing data, that no connection between the 
life-history of the Saccharomycetes and that of any other fungi 
could possibly have been proved hitherto. Similar expressions 
of opinion have been uttered by A. de Bary, Zopf, H. Will, 
and others. 

As already stated on several occasions (^220 and 243), the 
asciis can be distinguished from the sporangium by its more 
definite form and by the number, shape, and method of forma- 
tion of its spores. This precision of form must be present in any 
fungus before the latter can be classified with the Ascomycetes, 
It is most decided in the more highly developed species, and 
becomes progressively less so as we descend the systematic scale ; 
and, as a matter of fact, it is low (especially as regards the 
number of spores produced by the ascus) in the Saccharomycetes, 
which are the lowest of the Ascomycetes, In this genus, even in 
one and the same species, the number of spores is not always 



Fio. 126.— TJstilago carbo, the cause of 
smut in oats. 

1. The spore cl, grown in a nutrient 
solution, has produced a polycellular 
mycelium (0> which has put forth yeast- 
like conidia (c). Magn. 450. 

2. Chains of buds from these conidia. 
Magn. 200. (After Brefeld.) 
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the same in each ascus, and not infrequently an odd number is 
present. A similar lack of precision is also exhibited in other 
genera, such as Ascoidea, Protoinyces, and Theleholvs. Brefeld 
(IX.) would associate all these into a special group, to which he 
gave the name Hemiasci^ intending thereby to express the im- 
perfect character of their asci, and that the development of the 
latter from the sporangia had been, as it were, arrested half- 
way. Therefore, according to his ideas, the Hemiasci formed a 
connecting link between the sporangiogenic Phycoinycetes and 
the true Ascomycetes, Brefeld then endeavoured to effect an 
analogous separation between the other My corny cetes, which, 
as we are aware, differ from the Ascomycetes by lacking the 
capacity for producing endogenous spores, and fructify by means 
of conidia. In the highest of these, namely the Bdsidiomyeetes, 
the conidiophore is developed into a basidium (§ 384). On the 
other hand, in a number of Mycomycetes that do not exhibit 
ascofructification (viz. the Ustilaginece and the Tilletiece), the 
precision of the conidiophores is not so great as in the rest. 
Consequently they were separated — under the name Hemi- 
hasidii — from the latter, or Basidioinycetes ; and, according to 
Brefeld's ideas, they formed an intermediate link between the 
Phycomycetes group (with conidial fructification) and the Basidio- 
mycetes. They therefore constituted a branch of the Hemiasci ; 
and these latter were grouped by Brefeld along with the Henii- 
hasidii, to form an intermediate kingdom, under the new name 
of Mesomycetes, This conception, which is more fully detailed 
in a work by F. von Tavel, and according to which the Saccharo- 
mycetes should no longer be regarded as full-fledged Ascomycetes, 
was opposed by W. Zopf ; but the final settlement of this highly 
complex question has not yet been reached. For us the Sac- 
cJiaromycetes will still continue to rank with the Ascomycetes, 
sub-class (order) Gymnoascece, and not as Hemiasci, 

Any worker who attempts to trace a relationship between 
the SoLCcharomycetes and other fungi must agree with Reess's 
classification of the former with the Ascomycetes, Neverthe- 
less, there is still room for diversity of opinion within the above 
limitation of the question. Thus, A. de Bary had already shown 
the great agreement, in structure and other particulars, between 
the Saccharomycetes and certain of the Exoasceoe, and remarked 
that the former might at once be ascribed to this latter group. 
Another matter worthy of attention is the question regarding 
any eventual connection between the Saccharomycetes and cer- 
tain Hyphomycetes which have hitherto been included in the 
group of Fungi imperfecti* Some warrant may be accorded to 
such enterprise, though not without attention being drawn at 
the same time to the circumstance that a successful result must 
primarily be placed to the credit of these Hyphomycetes, since 
they would thereby obtain recognition as forming part of the 
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cycle of development of an Ascomyces, and consequently take a 
step upwards in the botanical system. This point, which may 
also lay some claim to the attention of earnest investigators, 
will be briefly touched upon in a later chapter dealing with 
Dematium pullulans. At present, on the other hand, we have 
to deal concisely with a couple of recent assumptions, or rather 
with the demonstration of their inapplicability. 

In 1895 J. JuHLER (I.) enlightened the world with the sen- 
sational report that he had succeeded in so influencing a species 
of Aspergillus as to cause it to develop Saccharomyces cells that 
produced alcohol. A communication shortly afterwards issued 
by Alfred Joergensen (II.), in whose laboratory the alleged 
discovery was made, explained that Aspergillus (yryzoe was in 
question. They were quickly followed by E. Sorel (I.), who 
completed the beautiful circle by an alleged case of retrogres- 
sion to the original mould fungus on the paH of yeast cells 
stated to have originated from this Aspergillvs, It was disturb- 
ing to observe the amount of perplexity induced by these publi- 
cations, not among mycologists but on the part of a large 
number of fermentation technologists, as can be seen, for 
instance, in the case of a treatise by Eceenroth and Heimann 
(I.), who occupied themselves in a very similar manner with a 
Penicillium. In the interest of this branch it was necessary 
and indispensable that these hypotheses should be examined 
and refuted in all points by a number of workers schooled in 
botany. The credit of having shared in this task — a somewhat 
thankless one from the scientific standpoint — is chiefly due to 
Klgbceer and Schkenning (I. and II.), and also by O. Seiter 
(I.), C. Wehmer (VIII.), and J. Wortmann (IX.). All of them 
arrived at the harmonious conclusion that not under any cir- 
cumstances, even the conditions of culture selected by Juhler, 
Joergensen, and Sorel, could any development of yeast cells 
take place from Aspergillvs oryzcSy or conversion of Saccharo- 
myces cells into this mould fungus. The same also applies 
to other species of Asp&i'gillus examined with the same object by 
Klcecker and Schicenning. 

Consequently it may be averred that no proof, in any par- 
ticular, has yet been afforded in support of the hypothesis that 
Saccharomycetes are derived from other fungi. 

We therefore maintain that the distinguishing characteristic 
of the term Saccharomyces is a purely botanico-morphological 
one, namely, the capacity of the cell for producing ascospores. 
The method of formation of the latter will be fully described in 
§ 247. All the Saccharomycetes are budding fungi, i,e, they vege- 
tate in the form of a budding myceliimi of the kind described 
in § 2 19. On the other hand, however, not every budding fungus 
is a Saccharomyces, The term yeast has two important charac- 
teristics: one morphological, the other physiological. In the 
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strictest sense the term is applied to such budding fungi as are 
capable of exciting alcoholic fermentation, and therefore the 
alcohol-producing Mucors are not to be classed as yeast ; neither 
are the SaccJiaromycetes that lack fermentative power. Even in 
Pasteur's (III.) " Studies on Beer " no mutual limitation is 
placed on the terms Saccharomyces and yeast, but both are 
regarded as interchangeable, so that in many places we are 
unable to ascertain which is meant. The chief interest attach- 
ing to the yeasts is in respect of their practical utility. In 
many treatises on the physiology of the ferments the question 
whether they should be considered as Saccharomyceies, or as 
budding fungi of some other species, is left untouched. It is 
therefore impracticable to relegate the species there mentioned 
to one or the other group ; and in such cases there remains no 
alternative but to speak generally of " yeast." This has also 
been done, and should be so understood, in the following para- 
graphs. 

In laboratories where pure yeasts are cultivated for the pur- 
poses of the practical fermentation industry, it is very seldom 
that the rules of scientific nomenclature are adopted by sup- 
plementing the term Saccharomyces with a specific name, even 
whiBn the species of the organism is known with certainty, the 
usual practice being to name the yeast in accordance with the 
locality of origin. Thus the Johannisberg wine yeast No. i, 
illustrated in Fig. 124, was obtained from the sediment of a 
young Johannisberg wine. " Saaz yeast " is a bottom-fermen- 
tation beer yeast isolated by P. Lindner from the stock yeast of 
the Saaz brewery (Bohemia). This yeast will be frequently 
mentioned later, on account of its very low power of attenuation. 
The very high-attenuation " Frohberg yeast " originated at 
Frohberg's brewery, Grimma (Saxony). In many instances the 
yeast is simply given a number, under which it is registered in 
the laboratory collection (living herbarium) and is cultivated 
further. Thus, the distillery yeast known to distillery techno- 
logists and mycologists under the abbreviated title ** Race II.,'' 
is the second of a series of yeasts given out by the Berlin 
Experimental Station, for practical testing in respect of their 
utility, the species in question finally proving superior to the 
others. 

It may be remarked casually that a proper discrimination 
between tJie three expressions : budding fungus, Saccharomyces, 
and yeast, is often lacking in medical treatises dealing with a 
pathogenic budding fungus. Some of these are known to pro- 
duce illness, even attended with fatal results, when they find 
the conditions of development favourable in the body in which 
they have made their habitat. The literature on this matter 
has been collected by J. Raum (I.), and in a monograph by 
O. BussE (I.), as also in the different volumes of P. Baum- 
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garten's Jahresbei*icht, These species are oftentiines spoken of 
as Saccharomyces^ or yeast, although their connection with this 
genus, or their faculty of exciting fermentation, is more or less 
doubtful. This remark applies to the so-called Sacch, farei- 
mi?i08tis ToJcishige, Sacch, neofoi^mans, and Sacch. lithogenes San- 
felice ; Sacch, sphcei'ictts and Sacch, ovalis van Hoom, &c. One 
species recognised as exciting fermentation, and consequently 
to be classed as a yeast, though not as yet proved to be a true 
Saccharomyces, is a budding fungus discovered by O. Busse, and 
observed by him to produce, in the human body, a kind of general 
debility {Saccharomycosis) which may terminate fatally. That 
certain true yeasts are pathogenic when artificially introduced 
into the arterial circulation, was proved in 1892 by Hueppe, in 
the course of experiments with Rauenthal wine yeast and young 
porpoises. This result has been repeatedly confirmed since, 
not»,bly by L. Babinowitsch, in a series of experiments with 
about fifty stocks of different species and origin, seven of which 
proved pathogenic. 

§ 245.— Bottom Yeasts. 

If a number of flasks be charged with a clear nutrient solu- 
tion, of a kind favourable to the growth of yeast and containing 
a fermentable sugar, and each of them be inoculated with a trace 
of a pure culture of different yeasts, such as are used in brewing, 
distillery work, vinification, &c., the cultures being then kept at 
room temperature for a couple of days, it will be found that cell 
reproduction and fermentation — manifested by the appearance 
of turbidity and gas bubbles — will occur in all. It will there- 
after soon be possible to separate the flasks into two groups, 
according to the appearance presented. In the one group the 
yeast crop developed from the sowing will remain almost entirely 
within the liquid throughout the entire period of fermentation, 
and mostly at the bottom even from the start. Yeasts of this 
kind are termed bottom yeasts, and excite bottom-fermentation, 
the yeast crop being sedimental. 

In the other group the fermentation is very brisk and 
attended with the formation of large quantities of froth (head) ; 
and in the earlier stages a larger or smaller number of the new 
cells are raised to the surface by the ascending bubbles of gas, 
and remain there — provided the vessel be high enough to pre- 
vent frothing over — until fermentation is terminated and the 
froth breaks up, whereupon they sink down to the bottom of the 
liquid and increase the sedimental deposit. This kind of fer- 
mentation is termed top-fermentation, and the yeasts produc- 
ing it are called top-fermentation yeasts. Typical examples 
of bottom - fermentation yeasts are afforded by the Munich 
Jager-beer yeasts. On the other hand, the most highly 
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developed top-fermentatioQ yeasts are the species forming the 
bu]k of the pressed yeast prepared by the old (VieDDese) pro- 
cess. This pressed ypast consists exclusively of cells raised 
from the masb by the bead, and of the daughter-cells of same, aioce 
it is impracticable to separate from the masb such cells as are 
left therein. These two extreme types of yeast are connected 
by a number of intermediate grades. The question of another, 
and fundamental, differeoce between top- and bottom-fermenta- 
tion yeasts will be discussed in the paragraphs relating to 
melibiase. 

As soon as the primary fermentation is maaifestly at an end, 
let us take a trace of the sedimental yeast from each of the 
flasks, thin each sample down with a drop of water on a glass 



slide, cover it with a cover glass, and examine it under a high 
power (250-500) in the microscope. In many of the specimens 
the cells will be found globular or oval in Bbape ; speaking 
generally, most of the beer yeasts and brandy yeasts will pre- 
sent this appearance, K^ow because, sipce the time of Meyen, 
the name Saecharomycea eereviaix has been usually applied 
to beer yeast, it bas gradually become the custom to say of 
yeasts exhibiting approsimately globular or oval cells o£ large 
dimensions, that they are of the cerevisiEe typa Fig. 127 gives 
an example of this class, namely a top-fermentation yeast isolated 
by Hansen (XII.) from the stock yeast {of which it formed the 
main constituent) of a top-fermentation brewery in Edinburgh 
and called by him Sacch. cereoiniie I. 

The sedimental yeast in other flasks will be found to differ 
from tbe foregoing, inasmuch as it contains cells which, instead 
of being globular or oval, are elliptical in shape. Yeasts of this 
kind were invariably found in fermenting must by Bebss (I.), 
who called them Sacch. ellipnoideus, which specific name gradually 
became eidarged to a morphological designation, so that we 



BOTTOM YEASTS. 115 

therefore spe&k of this or that yeast as being of the ellipsoidens 

type, meaning thereby solely, in the first place, that the cells of 
such species are generally elliptical in shape and rather smaller 
than those of the cereviaise type. Fig. 1 28 gives an example in 
the StKch. dlipsoidew I. obtained by Hansen (XII.) from the 
surface of ripe grapes. This type ia exhibited by maay specieB 
of wine yeast ; and it is therefore easy to understand why, in 
the absence of a method of pure culture and the consequent 
impossibility of determining the existence of divers species, 
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Beess's appellation of Saech. ellipaoideus very soon became a 
synonym for wine yeasts in general. This custom is, however, 
now no longer justifiable, since we are nowadays acquainted 
with races of wine yeasts whose cells cannot be classed with the 
ellipsoid type, but are globular or elongated. Conversely, not 
every yeast of the ellipsoideus type is a wine yeast. An ex- 
ample of such a divergent yeast — though in respect of the shape 
of the cells in the yeast sediment it is almost identical there- 
with — was isolated by Hakhes (XII,) in 1883, from the stock 
yeast of the Tuborg brewery in Copenhagen, namely the so-called 
Saec/i. ellipsoidmLS II. This yeast occurred there, in association 
with Sacdi.Pad. III., as a technically pathogenic yeast, inasmuch 
as it produced disturbances in the brewing, or rather tended to '• 
form haze in the trade casks or bottles. 

The third group, consisting of the remainder of the flasks 
used in our experiment, differs from the other two, inasmuch as 
the cells of the young sedimental yeast are of elongated form, 
something the shape of a sausage or a short tube with closed 



ii6 MORPHOLOGY AND LIFE-HISTORY OF YEASTS. 

ends, and in some species slightly constricted in one or two 
places. Cells of this kind were noticed by Pasteur (XII.) during 
his researches on wine. They were also found by Reess (I.) in 
the secondary fermentation of certain wines examined by him ; 
and this worker named them Sacch. Pastorianvs in honour of 
the French scientist. Cells of this type have been more fre- 
quently observed by subsequent investigators, and this specific 
name has been gradually modified into a morphological term. 
When it is said of a yeast that it exhibits pastorianus forms, or 
is of the Pastorianus tjrpo, the term merely implies that under 
normal conditions the sedimental yeast of the species in question 
chiefly forms cells that are sausage-shaped, and not globular, 
oval, or elliptical. An example of this kind is afforded by 
Sacch. Pastorianus /., illustrated in Fig. 129. This species was 
discovered by Hansen (II. and XII.), in 1880 and 1 881, in the 
air at the Alt-Carlsberg brewery, Copenhagen, and was intro- 
duced into the literature, under the above name, by him in 
1882, after he had succeeded in proving that it had also crept 
into the stock yeast of this brewery, imparting to the resulting 
beer an obnoxious bitter by-flavour and a smoky smell. It is 
therefore a virulent pathogenic yeast (in the technical sense). 

It would be a great mistake on the part of the reader to 
assume, from the foregoing sketch of the three main typical 
forms of yeast cells, that each species of yeast invariably assumes 
the same form. This is not the case, a powerful influence on 
the form being exerted by the conditions of cultivation. This 
last fact was unknown, and indeed undiscoverable by the 
methods in use, at the time Reess set up his specific classifica- 
tion based solely on the form of the cells. Thus, up to the year 
1882, it was thought that the bottom-fermentation yeast used 
in brewing always consisted of the one single species Sacch, 
cerevisice; and it was not until 1883 that E. Chr. Hansen (XII.), 
showed that we have to reckon with a large nimiber of species, 
and that consequently the names Sacch. cerevisicB^ Sacch. Pas- 
torianus, Sacch. ellipsoideuSf &c., could henceforth be merely used 
as group names. Since that time, no small portion of this 
worker's investigations has been devoted to the question of the 
dependence of cell form on the conditions of cultivation, and to 
the elucidation of the fact that, morphologically, the character 
of a species of yeast does not reside in the form of the cell alone, 
but also in the manner of its dependence on the external con- 
ditions of which it is the result. If these conditions be known 
to a certain extent, then the form of the cells constitutes a very 
valuable and fairly reliable indication. Since, like other mani- 
festations of vitality, the form of the cells is a resultant of two 
components, namely, inherited properties and the sum of all the 
external influences, it is evident that, even if the uniformity 
of the latter conditions could be made absolutely certain, the 
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former reAsoQ alone would preclude the expectancy of perfect 
regularity in the cells of a culture. Moreover, owing to the 
imperfect state of our knowledge, both in chemistry and physicB, 
the production of absolutely identical conditions of existence in 
two cultures started at different times, is unattainable. Again, 
even when woiking with a single cell, it will be found that the 
daughter-cells, grown in one and the same nutrient medium, 
differ among themselves ; in one of them one of the inherited 
properties latent in the mother-cell makes its appearance, whilst 
in another of the cells other inherited properties preponderate. 
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It is necessary to lay emphasis on this point, because it only too 
often happens that a beginner in the cultivation of yeast feels 
compelled to lose all faith in his knowledge when he observes 
that a pure culture, prepared from a single cell strictly according 
to all the rules of the method, consists of cells all more or less 
different in size and form. Now there is nothing special about 
such variability, which is exhibited by bacteria and all other 
living organisms, and that too in no less a degree than with 
the yeasts. Nevertheless, within the limits afforded by the 
aforesaid difficulty of control, one and the same species grown 
under the same conditions will give cells of approximately uni- 
form shape, say, for instance, that of the sedimental yeast of 
the Cerevisise type. 

That under these conditions, it is actually possible to trace 
differential characteristics, may be explained by the aid of the 
two drawings shown below, both of them representing samples 
from the sedimental yeast of a culture in beer wort, at the close 
of the primary fermentation. Fig. 130 is the so-called Carls- 
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berg Bottom- Yeast No. i, the first yeast prepared by the pure- 
culture method, and by means of which E. Chr. Hansen 
introduced his pure-culture method into practice, at the Alt- 
Carlsberg brewery, in 1883. It was isolated as the principal 
constituent of the same stock yeast, which was found to be in- 
fected with the aforesaid Sacch, Potftorianus I, A characteristic 
feature of this yeast is the preponderance of pointed oval cells, ^ 
those of purely globular form being very much in the minority. 
Elongated cells also are very rare. On the other hand, the 
Carlsberg Bottom- Yeast No. 2, shown in Fig. 131, is character- | 

ised by the more rounded appearance of its cells, and by the 
occurrence of unusually large, or giant, cells, one of which can 
be seen on the left of the illustration. The appearance of these 
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Fig. 13a— Carlsberg Bottom- Yeast No. x. Fig. 131.— Carlsberg Bottom-Yeast No. '2. 

Cells from the sediraental yeast at the close Cells from the sedimeatal yeast at the close 

of primary fermentation. B£agn. xooo. {After of primary fermentation. Magn. xooo. {After 

Hanten,) Haneen.) 

giant cells is specially remarkable in some species, and then 
forms a good indication. Thus, Beyerinck (XX.) found large 
cells attaining as much as 20 /a in diameter, in old agar-agar 
cultures of a budding fungus known as Sacch. Kefyr, which he 
had isolated from the Kephir to be described in oiu* final 
chapter, whereas the other cells measured only 5 to 6 /a. 

The sedimental yeast found deposited at the bottom of the 
fermenting vessels at the close of primary fermentation, in 
bottom-fermentation breweries, is drawn off — after the removal 
of the young beer — through an orifice in the bottom of the tun, 
and is collected in a vessel wherein it is washed with water, to 
be afterwards stored under ice water until required for pitching 
a subsequent brew. This yeast, it may be stated, is a highly 
diversified mixture. Apart from the possible presence of 
several species of yeast and bacteria {sarcina, &c.), it also 
contains sundry other ingredients, the most important of 
which are : First, salts of lime, chiefly the oxalate, immediately 
recognisable under the microscope by its octahedral, rhombo- 
hedral or flat tabular crystals. These have been precipitated 
during fermentation. Their origin is only to a small extent 
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attributable to the metabolism of the yeast ; they also occur in 
unf ermented wort, and in wort-gelatin, and, it may be remarked 
in passing, disturb the beginner when he examines such a 
gelatin plate under a low power (30 to 100) before inoculating 
with micro-organisms, or employing it for starting a single-cell 
culture. Secondly, the yeast mixture contains precipitated hop 
resins, in the shape of very small globules, sometimes united as 
aggregations ; they give the resin reactions, and therefore 
assume a handsome red coloration in presence of alcoholic 
tincture of alkanna root. Thirdly, there are the so-called 
glutin bodies, which are fine globules of an albuminous nature, 
originating in the malt and precipitated from the wort at the 
low temperature of the fermenting cellar. They have formed 
the subject of some deep researches by H. Will (III.). 
Fourthly, certain dark brown fragments, which are mostly 
looked on as hop resins by practical brewers, but in reality are 
said by H. Will (TV,) to give all the reactions for albumin. 
When present in large quantity they form a source of trouble in 
brewing, by enveloping the yeast cells and rendering these 
latter inoperative. The upper layer of the sedimental yeast in 
the vat containing the beer in condition for racking, is 
specially rich in such extraneous admixtures, and is con- 
sequently rather dark in colour. This portion is generally 
removed in advance and thrown away, before the underlying 
** white" yeast is drawn off. Fifthly come mucilaginous matters 
of different kinds (^ 254 and 255), which have been excreted 
by or extracted from the yeast cells. Sixthly are residual frag- 
ments of the mashed materials, hops, lupulin granules, and not 
infrequently aphides, and the like. 

It has already been stated that all the samples examined 
were taken from fresh cultures, i,e. cultures in which the 
primary fermentation was just terminated and the deposited 
yeast crop was of recent date. On the other hand a different 
appearance is presented by the cells of a Sediment that has lain 
for some time under the fermented liquid — that is to say, in old 
laboratory cultures, or the sludge found at the bottom of lager- 
beer storage vats, and therefore consisting of cells that have 
been exposed to the influence of the supernatant beer for some 
considerable time (often several months). Under these circum- 
stances a large number of elongated cells of the PasUmantLS type 
are produced, even in yeasts that are ordinarily of decidedly cere- 
visise type. This is a very useful thing for the beginner to know, 
in order that he may not be disheartened on finding a number 
of cells of the suspicious Pastorianus type among the sludge of a 
vat, the beer in which was fermented with a pure culture yeast. 
Provided the brewing operations have been conducted in a 
cleanly manner, the process of spore analysis, described in § 247, 
will quickly reassure him of the absence of infection. 
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Up to the present the composition of the deposit in wine 
and the " wine yeast," in the sense used by tartaric acid manu- 
facturers, has not been so thoroughly examined as is the case 
with the sedimental yeast of breweries. Next to yeast, the 
chief constituent is cream of tartar, which is gradually pre- 
cipitated in the crystalline form by the increasing amount of 
alcohol in the fermenting wine. 

When exposed to very unfavourable conditions, the yeast 
cell assumes a true involution form. Cells of this kind, re- 
sembling amoebae in contour, are found, for example, in very 
old gypsum-plate cultures, or similar cultures on wort gelatin. 
They have been drawn by P. Lindner (VI. and X.). Many 
cells that have become exposed to unfavourable conditions in 
sedimental yeast are able to withstand the same and survive 
uninjured, because they have previously laid up a considerable 
store of material and greatly strengthened their membrane. 
Under these circumstances they become permanent cells, which 
may be regarded as gemmae (§ 223). These forms will be further 
discussed in §§ 246, 249, and 251. 



§ 246.— Film Formation. 

Yeast cultures, started in the manner foreshadowed at the 
commencement of the preceding paragraph, are able to exhibit 
another form of development. If the samples have been taken 
with every care, all infection being prevented, and the vessels 
again closed with their germ-proof plugs of cotton-wool — which, 
however, do not exclude air — all that is then necessary is to 
store them in a quiet corner of the laboratory for some time 
(several weeks or even months), to find that film has developed 
on the surface of the liquid. The structure and physiological 
behaviour of this film will now be described. 

This form of development originates in cells, which, thanks 
either to the presence of some fatty excretion adhering to the 
outside of the membrane, or to some albuminous or resinous 
deposit acquired from the nutrient medium, are able to float on 
the surface of the liquid when the latter becomes quiescent after 
fermentation has terminated. A good opportunity for these 
cells to remain afloat is afforded at the places where the surface 
of the liquid is in contact with the walls of the (round) culture 
vessel. Hence, it is in such positions that the development of 
the film will be earliest observed, in the form of a whitish ring. 
In many instances this ring is by no means complete at first, 
but appears in the form of a series of patches, i,e. colonies of 
cells, which gradually increase and then meet, coalescing to a 
closed ring. In other cases the annular formation is less fully 
developed, and the growth of the film proceeds from small 
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colonieB or islets of 
yeaat which have 
originated on the 
surface of the liquid 
itself. Other con- 
ditions being equal, 
the dimensions at- 
tained by the film 
vary according to the 
species of yeast. 

The form of the 
cells from which the 
film is constructed 
differs in general 
from that of the 
eedimental cells, by 
attaining greater 
longitadiaal de- 
Telopmeiit(upto 150 
/t and ovei'), whilst 
the transverse mea- 
surement is often 
less than in the cells 
of sedimental yeast. 
The second char- 
acteristic is a more 
or less abtmdant 
branching. An ex- 
ample is shown in 
Fig. 132. 

The time required 
for the development 
of the film to become 
manifest differs, 
other conditions 
being equal, with 
the species of the 
yeast, and is longer 
the lower the tem- 
perature of the cul- 
ture. According to 
a aeries of determin- 
ations made on 
species of Saceharo- 
myceg by Hansen 
(XVI.), the time 
required for Sac- 
charomyceg cerevigiw 
I. at 33° to 34° C. is 
about g to iS days 
at 20° to 28° C. 
about 7 to II days 
at 13° to 15° C. 
about 15 to 30 days 
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at 6° to 7° C, about 2 to 3 months. No fcmtatdon of film 
occurred above 34° 0, or below 5° C. 

These limits of temperature, which also apply to all the 
other species examined, are therefore more reatncted than those 
wherein the yeast is able to bud and incite fermentation. Film 
formation is therefore precluded in the fermenting cellars of 
bottom -fermentation breweries, the temperature here being, 
wherever possible, maintained between 0° and 2' C. It has 
already been shown by Hanseii. inul confirmed by H. Will 
(VIII.), R. Adbrhold (I.), and uthrT workers, that the time 
elapsing before the film makes it;< ii)i 




sions attained by the film, are very greatly dependent on the 
conditions of cultivation (composition of the nutrient solution, 
and also in a high degree on the method of sterilisation, supply 
of air, &c.). 

In some cases morphological peculiarities in the film cells 
afford a means for differentiating the species. With Sacck. 
Past. II. and SaecJi. Pad. III. this can be recognised in a 
beautiful manner, and at the same time a fresh instance is 
afforded of the dependence of cell form on temperature. The 
first-named, weak, harmless, top-fermentation species was 
isolated by Hansen from the air of the Garlsberg brewery. 
The other, which is of decidedly top-fermentation character, 
was obtained as a pure culture from a Copenhagen lager-beer 
suffering from haze, and was recognised as the cause of the 
malady. It is difficult to distinguish between them by the form 
of the cells present in the eedimental yeast, both being very 
similar to Sacch. Past. I. (see Fig. 129). The same also applies 
to the component members of their films grown at 20° to 28° 0. 
and illustrated in Figs. 133 and 134. The case is, however, 
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different — as Hansen (XVI.) has shown — when the two have 
been allowed to form filmB at 1 3° to 1 5° C, since under these con- 
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ditions one of them, Sacch. Pad. III., exhibits a number of 
highly elongated cells (Fig. 135) with lateiul buds, whilst those 
of Sacch. Past II., 
on the other band, 
retain very much the 
same form as when 
grown at 20° to 28° 
C., I.e. only slightly 
elongated, and even 
globular. An essen- 
tial precaution for 
this comparison is 
the use of young 
films, since when the 
films are very old 
the No. II. species 
exhibits elongated 
cells just like those 
of No. III. Similar 
conditions in this 
respect obtain be- 
tween Sacch. ellipso- 
ideus I. and Sacch. el- 
lipmideus II. Hansen. '' 

The faculty of developing a film on the surface of suitable 
nutrient solutions is shared by nearly all the budding fungi, 
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both Saccharomycetes and non-Saccharomycetes. Of these latter 
we shall deal (in the last section), under the generic name My co- 
derma, with a special group, the species of which are widely 
distributed and grow spontaneously on the surface of wine or 
beer when the latter are exposed to the air, a quick-growings 
wrinkled skin (mould film) being formed. Air being highly 
essential to Mycoderma, these organisms normally grow ex- 
clusively in the form of a superficial film on the nutrient 
solution. Owing to this peculiarity they are the cause of 
disturbance in researches into film-formation in the true 
yeasts, when the latter are not grown as pure cultures but 
contaminated with the very abundant Mycodeimia. On this 
account objection may be raised against the reports of Reess 
(the first to observe the production of films by true Saccharo- 
mycetes), and also those of Pasteur (III.). In 1876 the latter 
characterised as serobic or mould yeasts the film developing on 
the surface of fully fermented wort. He halted between two 
opinions with respect to this phenomenon, one being that it was 
a special (i.e. serobic) condition of development of the beer yeast 
residing at the bottom of the fermented liquid ; whilst the other 
looked on the film as composed of extraneous cells undesirably 
present with the sowing. It was not until Hansen applied pure 
cultures to these investigations that a decision could be formed 
on this point. 

The question of the convertibility of bottom-fermentation 
yeast into top-fermentation yeast, and vice versa, is also touched 
by the foregoing explanations. Pastoiu* was of opinion that 
the ^^ aerobic '' cells constituting the film that had developed 
it at the close of primary fermentation in his cultures inocu- 
lated with (impure) bottom-fermentation yeast, were capable 
of exciting top-fermentation when transferred to a fresh 
nutrient solution. He even gave a recipe by means of which 
the brewer could prevent any such undesirable conversion of 
the stock yeast. This theoretically and practically important 
question was afterwards taken up by Hansen, who found that 
the descendants of the films of all the species of bottom yeasts 
eicamined by him in this connection, invariably produced nothing 
but bottom -yeast cells when inoculated into fresh nutrient 
solutions, even when exposed to a temperature (26' 0.) very 
favourable to the progress of top-fermentation. 

The true Saccharomycetes can be separated — though not very 
sharply — into two groups: one of which does not form films 
until the primary fermentation is terminated and the sedi- 
mental yeast has all come down ; whilst in the other group 
growth proceeds on the surface from the commencement, and 
indeed in many cases exclusively so. An instance of this latter 
kind is afforded by the Saccharomyces wembrancefaciens, first 
discovered by E. Chr. Hansen (VIII.) in the mucinous 



FILM FORMATION. 



125 



discharge (§ 248) from elm, and later in well-water by 
J. KOEHLER (I.). 

The separate stages of the development of film were closely 
investigated in four species of bottom-fermentation yeast by 
H. Will (VIII.). At the outset no difference can be detected 
between the cells of the sedimental yeast and those retained 
floating on the surface by flakes of albumin and residual frag- 
ments of the " head," and from which the development of the 
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Fia. 137.— Cells of sedimental 
yeast from a wort culture 
of— 



Fio. 138.— Film cells of the first 

? generation, and permanent cells 
rom the film of a wort culture of — 



Bottom-fermentation beer yeast No. 93 of the Munich Brewing Station. ' Magn. 750. 
{AfUr WUl.) 



yeast islets originates. Later on, however, it is observed that 
these floating cells produce daughter-cells, the chief feature of 
which — as may be seen from a comparison of Figs. 137 and 
138 — is that, instead of appearing singly or in pairs on the 
mother-cell, as they do in the sedimental yeast, a number 
are formed simultaneously thereon. They are also much 
smaller {e,g. only 7 /i as compared with 10 /*) than those in the 
sedimental yeast, are oval or sausage-shaped, and in turn pro- 
duce similar daughter - cells, the whole remaining connected 
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together. These cells form a new and special generation, which 
Will terms the first generation of true film cells, since with 
their appearance the formation of the film begins. In addi- 
tion to these there quickly form other cells, which are char- 
acterised by considerably thicker membrane and an abundant 
content of glycogen and fat. These prove to be true permanent 
cells, both on account of their anatomical structure and their 
physiological behaviour, since they alone retain vitality and are 
capable of development when the cultures are old and all the 
other cells and the film have perished. The yeast ring, which 
grows about the same time, is specially rich in these perma- 
nent cells. They soon produce highly elongated, sausage- 
shaped or tubular cells, which in turn behave in a similar 
manner and also produce analogous lateral daughter-cells, the 
result being the formation of many-membered chains of the 
kind shown in Fig. 132. Will terms the members of these 
bands, film cells of the second generation. The older the film 
the more luxuriant do they grow, and the farther do the film 
cells of the first generation retire to the background. At a 
later period, partition walls are formed — more or less abun- 
dantly in the different species — in these elongated cells; and 
similar septa are also found in the chains of buds resulting 
from the germination of the permanent cells in wort. A view 
of these is given in Fig. 139. 

These chains of elongated cells partake of the character 
of an articulated mycelium. The capacity for producing such 
was first positively demonstrated by Hansen, and proves that 
the Saccharomycetes belong to the MycomyceteSy or Eumycetes 
with septate mycelia. Their position within this sub-kingdom 
was then, as already stated, indicated by their capacity for 
producing ascospores, which will be discussed in the next 
paragraph. In coloured nutrient media, such as beer wort and 
wine, the progress of film development is accompanied by a 
bleaching action, i,e, the disappearance of colouring matters. 
In this manner the colour of a wort can be slowly changed from 
dark brown to straw yellow. 

The film cells also differ strongly in their chemioo-physio- 
logical behaviour from those of the sedimental yeast. The latter 
still develop in presence of an extremely low oxygen tension, 
and devote their chief energy to the decomposition of sugars. 
On the other hand, the metabolism of the film cells is indis- 
solubly connected with the presence of a copious supply of 
oxygen. According to the results of investigations conducted 
on this point by B. Raymann and K. Kruis (I.), they oxidise, 
to carbon dioxide and water, the alcohol continuously formed 
in the fermenting underlying solution, and degrade the albu- 
minoids therein to amides and ammoniun salts of organic 
acids. Formic acid and valerianic acid are also formed. Hence 
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in this case the fermentative action of the aedimental yeast is 
replaced by respirative activity. 

When submerged in fresh nutrient solution, these film cells 
produce vegetations, which finally behave just like normal 
sedimental yeast. The rate of morphological change and adapta- 
tion of physiological character differ with the species of yeast. 
In some, as was ascertained by 
H. Will (VIII.), the character- 
istics appertaining to the film 
cells remain unimpaired in 
the first new generations, and 
in specially conspicuous cases 
several recultivations (repeated 
tranferences of the crop to fresh 
nutrient solution) are required 
in order to produce a aedimental 
yeast equ^l in all respects to the 
original ancestors of the film 
cells used. Notice should also 
be taken, e.g. of an observation 
on this' point by Ed. Katser 
(YI.). Further consideration 
will be given in subsequent 
paragraphs to this behaviour, 
from the standpoint of the theory 
of variation. 

At present we have to deal 
with the consequences connected 
with the practical cultivation of 
yeast, namely the restriction of 
film vegetation and the exclusion 
of cells derived therefrom. To 
effect this object it is necessary 
to keep the stock yeast in the 
laboratory under such conditions 
as are unfavourable to the 
development of film, without 
being at the same time inimical 
to the sedimental yeast. Ihe 

appearance of the former may be counteracted by frequent 
transferences of the cultures to fresh nutrient solutions, and 
by keeping the culture at low temperatures. According to 
Hansen, the best storage medium for prolonged use is a 10 
per cent, solution of saccharose. In this event, however, the 
sowing should not amount to more than a trace. When, 
from any cause, the only yeast culture available for fulfill- 
ing an order is one that is already covered with a film, the 
same is suitable for direct transference to the large repro- 
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duction vessel, but must be first freshened up by prepar- 
ing a re-inoculation, which in turn is used to inoculate a 
fresh nutrient solution as soon as development is in full swing. 
The operation is several times repeated, according to circum- 
stances, until one is able to assume that the film cells present 
in the first inoculation of sedimental yeast have been entirely 
suppressed. The beginner cannot be too. strongly advised not to 
regard the task of yeast cultivation as completed by the pre- 
paration of the pure cultures, but rather to keep the latter 
under constant supervision, examination and care. Neglect of 
these precautions, and, in the case under consideration, the 
use of sedimental yeast containing film cells, may, under certain 
circumstances, lead to irregularities in the progress of fer- 
mentation on the large scale, diminution in the quality (fiavour, 
&c,) of the product, and hence to unpleasant consequences for 
the yeast cultivator. Oases in point have been recorded by 

A. JOERGENSEN (VU-). 

This, however, must not be held to imply that the film cells 
are the cause of all the unwelcome alterations that may appear in 
beer yeasts. On the contrary, other forces are here in opera- 
tion ; and from this side also, as already mentioned, we arrive 
at the wide field of variation in the yeast cell, a domain in 
which, as will be shown in a later chapter, Hansen, by his ex- 
tensive experimental researches, has been our pioneer. More- 
over, it should be recalled that Raymann and Kruis (I.) were 
able, by means of yeast derived from old film cells, to produce 
good beer that could not be distinguished from that obtained by 
the aid of normal yeast. This harmonises with the results 
obtained by Alb. E^loecker (privately communicated to the 
author) with Carlsberg bottom-yeast No. I. and No. II., Sacch, 
cerevisioB I. Hansen^ Marienthal yeast, and Will's No. 2 stock 
yeast. 

Will's observations bring to mind the flying yeast (Flughefe) 
so dreaded by the brewer, i.e. yeast cells which are of smaller 
size than those of the sedimental yeast, and, instead of settling, 
continue to swim in the beer, and thus retard claiification. 
This presumptive relation has not yet been more closely investi- 
gated, but the researches of Hansen and others have placed 
beyond doubt that this phenomenon is in many cases attributable 
to the presence of wild yeasts. Another point that requires 
closer examination is the part played, in the maturing of beer, 
by the film cells produced within the liquid. Finally, investi- 
gation from this point of view is also desirable on the problem 
of the cause of flocculence in the process of making pressed yeast 
.by the new, so-called aeration or wort process, which differs 
chiefly from the Viennese method (§255) in the thick mash 
being replaced by a clear mash as nutrient medium ; this, after 
pitohing, being well roused by aeration, whereby the reproduc- 
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tion of the cells is strongly stimulated, accelerated, and in- 
creased. When fermentation is at an end the contents of the 
fermenting vessel are cooled and drawn off into large, flat 
clarifying pans, where the yeast crop settles down, and, after 
the removal of the supernatant liquid for distillation, is washed 
with water and finally forced into filter presses, where it is 
brought into saleable condition. Occasionally the deposition of 
the yeast crop in the clarifying pans, and therefore its separation 
from the liquid, is obstructed by a so-called flocculence, which 
is characterised by the continued re-ascension of flocculent 
aggregations of cells from the deposit. The phenomenon has 
been described by Stenglein and Joebbes in ** Alcohol " (1892, 
p. 218), and also by O. Durst (I.). 



§ 247.— The Ascospores. 

The first observation of the ascospores in yeast cells was 
made by Th. Schwann (II.). He pointed out that these fungi 
reproduce in two ways : one being by the process known as 
budding, and the other by the formation, within the parent-cell, 
of daughter-cells, which are liberated when the membrane of the 
parent-cell opens. After this phenomenon had been described 
more closely by J. de Seynes (I.) in 1868, it was also observed 
a year later by M. Reess (III.) in cultures of beer yeast on boiled 
sections of carrots, &c. He found the process of development 
coincide with that of certain low Ascomycetes, and therefore 
classed these forms as ascospores, calling the mother-cells asci, and 
for this reason relegating the Saccharomycetes (in 1870) to the 
position of the lowest family among the Ascomycetes. 

The earliest accurate investigations into the conditions under 
which this sporulation occurs were carried on by E. Chb. 
Hansen (XII.), and, apart from the general biological results, 
led to the important fact that we have here a reliable means, 
hitherto lacking, of separating the genus Saccharomyces into its 
species. 

The conditions influencing the production of ascospores in 
the Saccharomycetes are given below : ( i ) To obtain energetic 
sporulation, it is necessary that the sample should consist of 
young and well-nourished cells. (2) The supply of air must be 
abundant (3) The medium must be moist. (4) The tempera- 
ture of the environment must be maintained within certain 
limits. (5) Within these limits the tiuae required for the 
occurrence of sporulation is a function of the temperature. 
(6) Between the two extreme limits at which sporulation is still 
possible is an optimum temperature corresponding to a time 
minimum. The maximum temperature for sporulation is some- 

VOL. II I 
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what lower, and the minimum temperature rather higher, than 
for the phenomenon of budding. 

To examine the individual conditions more closely. That the 
time within which sporulation occurs should be a function of the 
temperature, requires no further analysis ; but careful attention 
should be bestowed on the point (in i) as to the condition of the 
cells, this being the prime factor determining the time limit. 
The time required for ascospores to be developed by any given 
species of Saccharomi/ces, kept at any given temperature, differs 
according to the physiological condition of the cells themselves. 
Hence, if it be desired to produce sporulation (unconditionally) 
in any given species, all that is necessary is to take cells that 
are in vigorous condition — a state attainable by repeated pre- 
liminary transferences into fresh nutrient solution. The case 
is, however, different when it is a question of determining the 
time required for sporulation to make its appearance at one 
or another temperature. In such event, it must be borne in 
mind that this time limit is a function, not merely of the tempera- 
ture, but also of the physiological condition of the species under 
examination ; consequently this latter factor must be eliminated 
in order to enable the influence of the former to be determined. 
Experience has shown that sporulation occurs earliest and most 
certainly when the cells have reached the culminating point of 
their reproductive (budding) and fermentative activity ; and it 
is therefore in this condition that they should be employed for 
the experiment in question. On this account the cells to be 
examined for the time limit of sporulation should be subjected 
to the following preliminary treatment : the sample is sowed 
in sterilised beer wort and left to stand for several days at room 
temperature, Pasteur flasks being the best vessels for the purpose. 
A portion of the resulting sedimental yeast is transferred to fresh 
sterile beer wort and kept therein for twenty -four hours at 25° C, 
the fresh deposit being afterwards freed as carefully as possible 
from the supernatant liquid, and employed for starting the spore 
cultures. 

One example will suffice to show the necessity of taking the 
condition of the ceDs into consideration. It is afforded by 
Hansen's experience, and relates to Sacch, Pastoi^ianvs I, The 
culture was first conducted for a few days at room temperature, 
after which the sedimental yeast was retransf erred, in the above 
manner, to two flasks, one of which was kept for twenty-four 
hours, the other for forty-eight hours, at 26* to 27° 0. before 
starting the spore cultures. The following figures show the 
time required for the commencement of sporulation in the two 
cases : — 
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SaccJi, Pastoriamis L Hansen, 



Sporulation 
occurred at 


After previous Cultivation at 26° to 97" C. for :— 


24 Hours. 


48 Hours. 


29° 0. . . . 
28'*t0 27.5'C. 
23.5" to 23° C. 
15° C. . . . 


At the end of 27 hours. 

)» »j 24 tt 
>» »i 20 „ 

11 M 5^ »» 


No Sporulation 
At the end of 36 hours. 

j» >» 3^ »» 
}» »» 54 M 



The sample previously treated for forty-eight hours gave 
no sporulation at a temperature (29° 0.) at which the other 
produced spores in abundance. Apparently this unfavourable 
effect is atteibutable to the increased alcohol content produced 
by the longer period of fermentation. The relation in question 
has also been observed by other workers, e.g. by H. Mueller- 
Thurgau (III.)> a. Aderhold (I.), <kc. The (artificially effected) 
temporary or permanent loss of sporogenic capacity of yeasts 
will be dealt with in the chapter on variation. 

The best means of obtaining the moist medium and copious 
access of air essential to sporulation, is afforded by the gsrpsum 
block proposed by Engel (I.) and suitably improved by Hansen. 
This block is a truncated cone, about 3 to 4 cm. in height, 
which is prepared, by means of an ungr eased mould of sheet- 
iron, from a mixture of 8 parts, by volume, of powdered, 
calcined gypsum and 3 parts of water. After the block has 
become perfectly dry through long exposure to the air, it is 
placed in a covered glass basin enveloped in a double layer of 
filter- paper, and sterilised in the drying oven for an hour at 
115° 0. When cold, the yeast under examination is sown over 
the upper surface of the block, by means of a platinum loop, 
previously sterilised by heating to redness. The glass basin is 
then charged with sufficient sterilised water to quickly moisten 
the block completely, from below upwards, and in addition 
leave a layer of water about i cm. deep in the bottom. The 
cover glass should not fit quite tight, but is preferably supported 
on an uneven bearing, so as not to exclude the admission of air. 
The arrangement of the whole is shown in Fig. 140, about one- 
half or one-third the real size. The block, in its basin of water, 
is then placed in a thermostat, maintained at the desired 
temperature for the experiment. 

The nature of the material composing the moist medium also 
influences the time limit of sporulation. Since the necessary 
cleaning of the gypsum block, by brushing with water after 
each experiment, gradually destroys the block itself, H. Wich- 
jtfANN (III.) proposed to replace gypsum by solid cubes of fire- 
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brick. It was, however, shown by J. Ohr. Nielsen (I.) and 
Alb. K!(ecker, that sporulation took longer on this substance 
than on gypsum ; on the other hand, equal results with the | 

latter are furnished by the clay cubes &st employed by H. | 

EuON (III.)' Th. Bowhill (I.) uses gypsum blocks of the same J 

shape (a cylinder, cut through slantwise) as the slices of potato i 

employed for streak cultures in test glasses ; and he likewise ' 

UTOS these glasses. No advantage accrues from the substitution 
of filter-paper for gypsum blocks recommended by E. Wassebzug 

The conditions with regard to access of moisture and air are 
also fulfilled by stre^ cultures on solid nutrient substrata; 
and, as a matter of fact, ascospores are formed under such * 

circumstances — as was first observed by Hansen, and afterwards ' 

by other workers. For example, the part of the gypsum block , 

can also be played by a damp 
wall (in the brewery) towards 
the yeast sprinkled thereon, or 
by a damp filter-bag, &c., for 
yeast gaining access thereto from , 

the air. Again, as is shown in 
Fig. 141, spores may occasionally 
be observed in the development ' 

of film ; but these are merely 1 

exceptional instances. Their 
was vainly sought by H. Will in bottom-tennentation , 

beer yeasts. On the other hand these organs are, naturally, 
not lacking in the films of the comparatively few Saecharomyeete» 
that grow almost exclusively in the form of film and not as 
sedimental yeast, a special instance being afforded by Saceh. 
membraTKB/aciens. Sporulation has also often been observed in 
the interior of liquid cultures : by Hansen in repeatedly aerated 
cultures of several species in yeast water, and in Saccli. Ludmffii 
grown in ro per cent, saccharose solution ; also by H. Will 
(Vm.) in a wort culture of his bottom (beer) yeast No. 93 ; by 
P, RoESER (II.) in a iper mil. solution of peptone ; and by Haute- 
FEUILLE and pERRBT (1.) in a culture of wine yeast in must at 
28° 0. When the nature of the question at issue necessitates, 
absolute purity of the spore culture, Hansen makes the sowing 1 

on a thin layer of water at the bottom of a flask, and not on a 
gypsum block in a glass basin. 

With regard to the inception of sporulation we know com- 
paratively less than we do of the conditions under which the 
phenomenon occurs. In general it may be said, according to • 

the determinations made by E. Chb. Hansen (XXYIII.), that , 

the cells do not resort to sporulation until they are unable tO' ' 

reproduce further by budding. Both old and young cells are ' 

capable of producing spores, even such as have not put forth any 
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buds at all. In the case of Wortmann's wine yeast Johannis- 
berg II., for example, this result can be obtained by placing the 
young cells in a saturated aqueous solution of calcium sulphate, 
whereby budding is suppressed and sporulation begins. Com- 
pare what has been stated in the last paragiuph but one of 
§ 223. 

The progress of development in the ascospores will now be 
followed in the case of Sacch, ceremsue L Hansen. If, at the 
end of about twenty-four hours after the streak has been laid on 
the block and the latter placed in the thermostat at 25° C, a small 
portion of the yeast streak be scratched off with a clean glass rod 
or a needle, distributed in a single drop of water, and examined 




Fig. 141. — Wine Yeast from Walporzheim. 

Assemblage of buds from an old film ; some of the members have produced spores. 
Magn. 800. (After Aderhold.) 

with a strong power (300 to 500) under a cover glass, decided in- 
dications of incipient sporulation will be observable in a larger or 
smaller number of the cells. The plasma will be found to have 
separated itself into a number of balls, as shown at a-d of 
Fig. 142. Each of these globules soon becomes covered with a 
membrane, so that ripe spores (f-j) will be visible after another 
twenty-four hours. With regard to the behaviour of the cell 
nucleus during this period, fuller particulars will be given in 
§ 250. It may be remarked that a portion of the plasma in the 
parent-cell (ascus) remains over, and holds the spores somewhat 
together. 

A careful sorting of the samples will quickly show that con- 
siderable differences exist with respect to the dimensions of the 
spores, and that too not merely between those in different cells 
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but also in those present in one and the same ascus. The 
number (2 to 9) of the spores in the different asci will also be 
found to vary. What has already been said of the cells of 
sedimental yeast, also applies to tjie ascosporee : oeither form 
nor dimensions is a reliable indication of species, and therefore 
these characteristics cannot serve unaided tor their specific 
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FlQ. 111.— Sm«1i. OM«vl>lie I. HiDHi 

AtooiponiUtloii. Mign. hhd. 

(J/Ur ttanten.) 



I special instances that this i 
possible, namely when a species 
of the group Sai'ch. anomalus 
is present. The first represen- 
tative (rf this group was dis- 
covered by Hanbbn (XVII.) in 
a Bavarian stock yeast, and 
it was he who gave it the fore- 
going specific appellation. This 
new species differs from those 
we have known hitherto, inas- 
much as the ascosporea, instead 
of being perfectly globular, are minus a more or less consider' 
able portion of the sphere ; and as the margin of this flat or 
slightly arched terminal surface is surrounded by a projecting 
border, the whole ascospore has the form of a hat (see Fig. 143)- 
In the course of time other species producing similar ascospores, 
but differing in other respects, have been discovered, so that 
e have to deal with a whole group of such Saccharo- 
mycetes, which will be I'eported on 
more fully in a later section. More 
will also be said later on about the 
special method of sporulation ob- 
served by H. ScHKENNiHO (I.) in 
Sehisogaceharomyees oeto»porm and 
.,3.-SM^jirom7ee. ■nomiiui possibly to be regarded as a sexual 
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When it becomes necessary to 
express in figures the time limit 

^' for sporulation, the moment selected 
is that at which the first appear- 

viaible. To wait until the period of 
ripening, is, on the other hand, impracticable, there being no 
reliable means of determining when that state is attained. 
Taking the first-named as the critical moment, Hansen (XII.) 
was the first to determine the relation between temperature and 
the time limit of sporulation of sis species of Saecharomycete^. 
Afterwards a series of workers made similar determinations with 
a large number of species: H. Will (VIII., IX., XVII.), 
J. Che. Holm and S. V. Podlsen (II.), with European beer 
yeasts ; A. Lasch^ (IV.), with American beer yeast ; L. Mabx 
(I.), Ed. KAYSBR(VII.),and the latter along with G. Barb a (L), 
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on French wine yeast; R. Aderhold (I.), on German wine 
yeasts ; A. Nastukoff (I)., on Russian wine yeasts ; and W» 
Seifebt (I.), on Austrian wine yeasts ; also by E. Kayser (III.)> 
on French fruit-wine yeasts ; and l3y Chr. Grcenlund (I.), 
J. Chr. Nielsen (I.), and Alb. Klcegker (I.), on several species 
still to be mentioned. The main object of such investigations 
is the determination of the minimum, maximum, and optimum 
temperature of sporulation ; and several complete series of 
similar data have been compiled. The relation between the 
height of the thermometer and the time limit of incipient sporu- 
lation in a given species may also be graphically expressed by 
plotting the temperatures as abscissae and the corresponding time- 
limit values as ordinates of a rectangular system of co-ordinates, 
and connecting the points of intersection by a line. Such lines 
are mostly termed sporulation curves, in the literature of the 
subject. 

. The percentage ratio of the number of sporogenic cells to 
the total cells present differs greatly according to the species, 
origin, kind of previous nutrition, &c., but in most species fails 
to attain even approximately to too. In many of the cultivated 
yeasts, e.g, five out of thirty-two species of bottom-fermentation 
beer yeasts examined by Lasgh^ (I^-)* ^^ success has, so far, 
attended the attempts made to bring about sporulation ; con- 
sequently for the present these cannot be regarded as Saceharo- 
mycetes. 

On the basis of his experimental results in connection with 
sporulation, already alluded to, Hansen has worked out a method 
of biological analysis for brewery stock yeasts ; and this method 
has been further developed, especially by J. Chr. Holm and 
S. V. PouLSEN (I. and II.). 

The term " culture yeast '' is applied to such yeasts as have 
been cultivated for practical use in fermentation technology, and 
have then been employed therein. More than this is not implied 
by the expression, nor does it apply in any way to their origin. 
On the other hand, the yeasts met with wild in nature are termed 
generally wild yeasts. Many of these are harmless, though 
others, as already mentioned in § 245, are capable of producing 
disturbances on gaining access to the operations of brewing, &c., 
and are then spoken of as (technically) pathogenic. Examples of 
this class are afforded by Sacch, Past, L H,, which imparts a 
repulsive bitter taste to beer ; also Sacch, Past, III, H, and 
Sacch. dlips, II, H,, which produce haze. As a further deduc- 
tion from the observations of Hansen that the wild yeasts in 
general form ascospores more quickly and abundantly than the 
bottom-fermentation (culture) beer yeasts. Holm and Poulsen 
have shown that the latter can be classified into three groups 
according to their behavioiu* in this respect. The members of 
the first group remain sporeless, both after seventy-two hours at 
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1 5* C. and after forty hours at 25' 0. Those of the second group, 
whilst remaining sporeless after forty hours at 25** C, exhibit 
spores after seventy-two hours at 15° 0. Finally, the members 
of the third group behave in an exactly converse manner to 
those last mentioned. On the other hand, the wild yeasts 
exhibit spores under both sets of conditions (15° C. and 25° 0.) 
within the time limits specified (seventy-two and forty hours 
respectively), or even much earlier. Consequently the desired 
differentiation can be obtained in all cases by making parallel 
tests at 15° C. and 25° C. 

According to Hansen's observations — which we shall have to 
deal with in the paragraphs treating of mixed sowings — the wild 
yeasts that have crept into the pitching yeast or the wort first 
make their appearance in large quantities towards the end of 
primary fermentation in the upper portions of the contents of 
the fermenting vessel. Consequently at this period a sample 
should be drawn from this part in a glass ; the suspended yeast cells 
must be left to subside and then immediately transferred to the 
prepared gypsum blocks, which are maintained at the tempera- 
tures of 15° C. and 25° C. respectively. At the end of forty and 
seventy-two hours respectively a sample is taken of each, and 
should spores be detected in either or both series, then the u 

presence of wild yeasts is demonstrated. When the brewery is I 

unprovided with a suitable laboratory and an expert, a sample 
of the sedimental yeast must be sent to a laboratory, a drop of ! 

the yeast being dried on blotting paper in the manner described j 

in a later paragraph dealing with this matter. Owing to the 
abundant sporulation of the wild yeasts, this method is very 
decisive. Holm and Poulsen having by this means succeeded in 
detecting the presence of as little as about J per cent, of added 
wild yeast (one or other of the above-named three pathogenic 
yeasts) in twenty different species of bottom-fermentation beer 
yeasts. For practical use this is svifficiently delicate. On the 
other hand, to be of any value for testing yeast in a pure-culture 
apparatus, a method must be absolutely reliable and capable of 
detecting and isolating even the slightest trace of infection. 
With this object the yeast from the apparatus is subjected to a 
preliminary treatment, by means of which the amount of any 
wild yeast present in the sample is increased. This matter will 
be further described in a subsequent paragraph treating of the 
influence of organic acids on yeasts. 

Differences also exist between the cultivated bottom-fer- 
mentation beer yeasts and the wild yeasts, in connection with 
the structure of the ascospores. Those of the latter are relatively 
smaller, and their contents are homogeneous and of high lustre, 
whereas the ascospores of the culture yeasts mostly exhibit 
vacuoles and granulation, and the membrane is clearly dis- 
cernible. 
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The examination of the top - fermentation beer yeasts, 
distillery yeasts, and pressed yeasts by this process is a more 
delicate operation, because they sporulate much earlier and 
more abundantly than the bottom-fermentation yeasts ; for in- 
stance, a species from the Munich Brewing Station, examined by 
Will, produced spores in fourteen hours. Nevertheless, according 
to J(EBGENSEN (VIIL), the test is applicable if low temperatures 
{12** 0.) be employed. The wine yeasts sporulate still more 
rapidly, 46 out of 58 examined by Marx being found to pro- 
duce spores within twenty-four hours at 25** C. Similar results 
-were obtained by Aderhold and by Nastukoff. The proposed 
supercession of spore analysis by the small-drop culture method 
introduced by P. Lindner (XV.), will be referred to later, in a 
paragraph dealing with pure culture applied to yeasts. 

When the gypsum block cultures are left exposed for a long 
time they become infested with all kinds of amoebae, which 
^ain access from the atmosphere and grow by devouring the yeast, 
as was observed by P. Lindner (VI. and X.). In such event, 
sporocysts, the permanent form of these animalculae, can be 
discovered on the blocks. 



§ 248.— Germination of Saccharomycetes Spores. Their 
Resistance to Heat Pasteurisation. 

Beess (I.) was the first to observe the germination of Sao 
charomycetes ascospores, and more extensive and precise investi- 
gations were afterwards conducted by E. Chr. Hansen (XVII.), 
whose reports constitute the 
main basis of the information 
now given. 

Speaking generally, the 
germination of spores pro- 
<;eeds in one of four different 
^ways. An example of the 
first and most usual method 
is afforded by Sacch, cerevisice 
I, Hansen. The ascospores 
of this yeast are capable of 
germinating as soon as ripe, 
unless prevented by unfavourable external circumstances. The 
presence of water is an indispensable condition, large quan- 
iiities of this liquid, and of any nutrient substances present, being 
iyaken up by the germinating spores, which thereupon swell up 
to a considerable size. If they are still enveloped by the parent 
•cell, this latter is stretched and assumes a somewhat angular 
contour, as shown at Fig. 144 at a and d. The residual plasma 
in the parent cell is compressed fiat between the spores, but 
reacts on the latter, and forces them into a polyhedral shape so 




Fio. 144.— Saccharomycescerevisiee I. HanBen. 

Germination of spores. For explanation 
see text Magn. looo. (After Hansen.) 
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long as the membrane of the parent-cell continues to hold firm. 
Consequently the ascus looks as though divided into compai-t- 
ments. In some instances (see g) a coalescence of the spore 
membranes occurs at the points of contact. In the case illus- 
trated, the parent-cell contained three spores fused into one by 
the coalescence of their membranea On pressing the cover glass 
this fused aggregation was expelled from the parent-cell, the 
membranes of the three compound spores bursting simultaneously^ 
each in one place. A similar case is illustrated at e, but with 
this difference that here the parent-cell contained four spores^ 
one of which remained behind after the application of pressure, 
the parent-cell having contracted to its original dimensions. 
Even without artificial aid the membrane of the paient-cell 
finally gives way under the growing pressure and liberates the 
spores, which then put forth buds (/) and henceforward behave 
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Fio. 145. — Saocharomyces cerevisise I. Hansen. 

a. Three coherent spores isBued from the parent-cell. a'. The same after nineteen 
hours in wort at ao* C. in the Ranvier chamber. Two of the spores carry each a single 
bud. a". After twenty-two hours ; a'", after thirty hours. 

6. A parent-cell with four spores ; the two below are partly covered by the upper 
pair. b'. After eighteen hours (as with a'). The membrane of the parent-cell nas 
become torn, and hangs, like a veil, on the colony of cells formed from the spores^ 
Magn. iocx>. (After Hansen.) 

like vegetable cells. The extent of subsequent budding naturally 
depends on the external conditions (nutrient media, admission 
of air, temperature, &c.). Two examples are shown in Fig. 145. 
In some instances the septum formed by the coalescing mem- 
branes of two spores is absorbed and a fusion of the contents 
of both spores occurs. The ascospore germination of all the 
yeasts employed in brewing, distilling and wine making follows 
this first typical course. 

An example of the second method of spore geiouination is- 
afforded by Sacch. iMtlioigii, Various genera of deciduous trees,, 
the oak in particular, frequently exhibit a mucinous flux which 
is readily perceptible with a little care. In the earliest stage 
of the complaint there exudes from the bark — both from frost 
cracks, knot-holes, and apparently uninjured places — a white 
froth, the smell of which is enough to show that alcoholic 
ferments have contributed t^o its formation. For more detailed 
investigations on the phenomenon we are indebted to Fr. 
LuDWiG (II.). This exudation, which may also prove of interest- 
to foodstuff chemists in connection with birch wine, was recog- 
nised by him as the field of activity of various species of micro- 
organisms, the occurrence and action of which he traced in 
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several directions. One of the fungi priasent and identified as 
exciting alcoholic fermentation in this exudation, was then 
examined by E. Chr. Hansen (XXIX.) and named Sacch. 
Lvdwigii in honour of its discoverer. This fungus is interesting 
in many respects, inte^ alia as a very fine example of mycelial 
film and septation in the cells of same. At present, however, 
we have to do with another peculiarity, namely, the behaviour 
of its endospores during germination. These spores, instead of 
putting forth rounded buds of a shape similar to their own, as 
in the type just described, produce an elongated, sausage-shaped 
promycelium of the kind illustrated in Fig. 146, cf, h'". This 
promycelium it is that puts forth the buds, and it therefore 
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Fio. 146.— Saccharoroyces Ludwigii Hansen. 

d. Two spores, germinating on the one side {d')y fusing (d"). growing into a promy- 
celium {d"'\ putting forth a bud {d"") at the crown, and separating by the development 
of a septum (d'""), whereupon one of them {d""") assumes a rounded form, which pro- 
cedure IS repeated several times {d"""), 

Oy h. Two spores, each growing to a tube which produces daughter-cells indei)endently, 
without coalescence. Magn. looa (After Hansen.) 

constitutes an intermediate stage between the bud cells and the 
spore. Contrary to the *usual procedm-e, the yeast cells of 
normal shape produced by this myceliiun are not liberated as 
the result of constriction, but by the development of a septupi 
at the place where separation afterwards occurs. This is shown 
at g"'\ Very often, however, the promycelium is not the result 
of the germination of one single spore, but of the coalescence of 
two germ tubes to form one new cell. This process, one of 
actual cell fusion, is shown d-d"""\ where the two spores can be 
seen germinating on the one side, each in an elongated form 
{d')y after which the two fuse together {d") to a single cell, 
which in turn grows out at one side to form a promycelium 
{d""), A daughter - cell {d'"") then separates and quickly 
assumes the lemon shape {d""") characteristic of this fungus. 
The cell fusion occurring in this instance differs from the pre- 
viously described type in two ways : there it was the exception, 
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here it is the rule ; there it took place between the spores them- 
selves, here only in the germ tubes proceeding from the spores. 
This fusion is not of invariable occurrence, but is occasionally 
hindered by the tubes (/") taking different directions from the 
start, or by the premature withering of one or the other of 
them; or sometimes only one is formed, the adjacent cells 
being prevented from germinating by circumstances, e.g, age. 

Apart from Sacch, Lud- 
totgit, this method of 
spore germination is 
only known to occur in 
one other species of 
SaccharomyceSy which 
was discovered by J. 
Behrens (VIII.) on 
fresh hop cones. 

The third method of 
germination is found in 
the group Sacch, ano- 
maltis, and differs from 
the first type solely in 
the influence exercised 
by the peculiar shape 
of the spores. Three 
examples are illustrated 
in Fig. 147. These 
relate to sowings of 
spores taken from old 
gypsum-block cultures 
and grown in beer wort 
in the Ranvier chamber, 
the top row being kept 
at 28° 0. and the other 
two at 23** C. The germinating spore swells up, and gradually 
puts forth a number of buds at various points of its surface, 
these in turn reproducing by budding. During this operation 
the hat-brim-like projection round the spores disappeared in 
the middle series (6), but remained in the other two (a and c). 

A fourth type of spore germination is exhibited by Saeeh, 
guttulatvs. This fungus is an invariable inhabitant of the 
contents of the stomach and intestines. It also occurs in the 
excrement of the full-grown rabbit, and was first discovered 
therein by R. Remack in 1845. It was classed along with the 
yeasts by Robin in 1847, under the name Gryptocoecus (/tdtiUattis, 
and finally recognised as a Saccharomyces by Buscalioni, in 1896, 
as the result of a searching investigation. In this species, 
which does not bud until about 37** C, but is capable of sporu- 
lation at about 14° C, and thus forms in this respect an 



Fig. 147.— Sacch. anomalos Hansen. Spore 
germination. 

a. A spore at the commencement of germination, 
with the brim turned towards the left; a' is the same 
after seven hours, one bud having been formed ; a" is 
the same after twelve hours, a second bud appearing 
on the spore ; a*" is after fifteen hours ; and a"" after 
twenty hours. 

b. A spore with the brim turned towards the right ; 
b' the same after ten hours ; b" after twenty-one hours ; 
b'" at the end of twenty-four hours ; 6 "' after twenty- 
five hours ; b'"" after twenty-seven hours, the spore 
with its daughter-cells having turned through an angle 
of 180° in the nutrient solution. 

c. Is a spore with the brim turned downwards ; e' the 
same after eight hours ; c" after ten hours ; e'" after 
twenty-four hours. 

Magn. 1000. {After Uamten.) 
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exception to the rule given in the preceding paragraph, the 
sporulatioQ proceeds io the manner described in ^ 57 and 58. 
As was first demonstrated by Arm, Wilhelhi (I.), the contents 
of the elongated germinating ascospore envelop themselves in a 
new membrane, the resulting germ then splitting the old mem- 
brane, either at the end or laterally. In the act of swelling it 
also bursts the membrane (if still intact) of the parent -cell, 
escapes, and immediately begins to bud. An illustration of 
this process is given in Fig. 148. 

The spore, however, does not invariably germinate, but, as 
was ascertained by Hansen (XXYIII.), may, 
under certain circumstences, itself play the part 
of an ascus and develop ascospores (of the second 
order) in its interior, instead of reproducing by 
germination and budding. This end may bo 
attained by allowing the ripe spore to swell up 
in a solution of sugar, and then transferring it 
to a saturated aqueous solution of gypsum. 

The ascospores of Scuxharomycefes exhibit 
greater powers of resistance to external influ- 
ences than is possessed by the vegetative cells. 
Reference will be made in subsequent para- ^°- "'^"ff;^."* 
graphstocaseswhereintheextraction of moisture, twomcmdo™ th 
drying, or chemical stimulants, come under con- contanu of wiiich 
sideration as influences of this nature. At pre- Jl3^''^S*t"'dew 
sent we are mainly concerned with the effects of membnuie whiiiCMiii 
temperature, and that too in presence of liquids, membrane ot ° tJie 
Hansen (XII.) was the first to point out tbat ^^"ki"!" ™*^™ 
the spores of Saech. ellipsoideug II. perish in bnne wu ruptnied 
five minutes when kept in sterilised water at J^^'j^^jMe^ii*"' 
66° C, though they survive this period at 62° C. tfieouier. Boihgerma 
On the other hand, the vegetative cells taken b'jl'o.o'Sdli'porTm™- 
from a two-days old cultiu;e in beer wort at 27° ?5^'^ wa??' -\'^' 
C. perished within five minutes on immersion 
in water at 56° C, although they could stand 54° C. In the case 
of Saeck. Past. I., the ccaresponding values obtained were 62° 
and 58° C. for the spores, and 54° and 52° C. for the young 
vegetative cells. The resisting power of old vegetative cells, 
the permanent cells especially, approximates more closely to 
that of the ascospores. Greater tenacity of life was exhibited 
by a species {Sacch. Zopfii) isolated by Zopf from the sugar juice 
in a Silesian beet-sugar works, wbitji species was more closely 
examined by A. Abtabi (I.), and does not perish below about 
67° C, under identical conditions. And still greater resistance 
is offered by the Saccharomycee mentioaed in the preceding 
paragraph as Will's (IX.) No. 811 yeast, which was discovered 
in a beer of repulsive, bitter, irritant fiavour, of which malady 
it was recognised as the cause. When kept in beer wort at 
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70° C, an exposure of half-an-hour was required to kill the 
vegetative cells, whilst the spores withstood the influence of 
75° C. for the same period. Antithetical to this is Sacch. 
Joergenaeniij which was discovered by A. Lasgh^ (I) 1^ * very 
turbid American, so-called temperance ale, and quickly perishes 
at temperatures kbove 30- C Similar e^erimlnts ^e^e made 
with French wine yeasts by E. Wasserzug (II.) and southern 
wine yeasts by Ed. Katsek (VII.), the latter of whom found 
the fatal temperature for spores to be about 5'' C. higher than 
for vegetative cells. 

In order to ensure stability in fermented beverages it is 
sufficient to so far weaken the yeast cells by warmth as to pre- 
clude subsequent reproduction, and thus practically eliminate 
them. To attain this end, experience has shown that the ne- 
cessary influence must be less stringent than is required for 
killing the cells ; and the case is facilitated when the liquid 
contains substances which, like alcohol and acids, exercise an 
injurious effect on yeasts and bacteria at a somewhat higher 
temperature than the normal. These latter conditions are ful- 
filled in the case of wine, beer, and wine-must, and an 
explanation is thus afforded of the fact that these liquids can 
be converted into a stable condition by a gentle heat, consider- 
ably below boiling point. The earliest application of such a 
process is traceable to the Japanese. According to O. Korschelt 
(I.), the Japanese rice beer, or sake (already mentioned in an 
earlier paragraph), is made to keep through the hot summer 
months by warming, a practice that has been pursued for more 
than a century. The first to adopt such a method in Europe 
was Scheele in 1782 (§ 11) ; and Appert, in 18 10, recommended 
the warming of wine, in corked bottles, to 75** C. It was, how- 
ever, soon found that this treatment injured the fine flavour, 
especially in the case of red wines. Then, in 1865, Vergnette- 
IjAMOTTE (I.) proposed to employ a temperature not exceeding 
50° C, thereby avoiding the evil specified without missing the 
principal object in view ; and at the same period Pasteur (XX.), 
as a result of his researches on wines, found that they could be 
reliably protected against deterioration by warming them up to 
55° to 60° C. With regard to the priority dispute between the 
two authorities, the reader is referred to the bibliography. 
Thanks to the reputation at that time enjoyed by Pasteur, the 
process patented by him was quickly introduced into practice, 
and called Pasteurisation in his honour. 

The inventor's primary intention was to use this process 
merely for imparting stability to wine, the killing or permanent 
weakening of the germs therein being effected by the conjoint 
influence of a temperature of 55° to 60° C. (in itself insufficient 
for the purpose) and of the toxic action (at this temperature) of 
the alcohol and organic acids present. Subsequently the name 
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was extended to the attempts made, by gentle warming, to 
weaken or kill the germs in other liquids, e,g, milk (§ 128), 
wherein these chemical auxiliaries are lacking. This important 
difference has not been sufficiently appreciated in the literature, 
and is not infrequently ignored in practice, the consequence 
being failures and illusory results. So far as concerns the 
pasteurisation of wine, beer, and must, which is all that we have 
to consider in this place, the technology of the process (which 
is practised in a variety of modifications)^ must be dismissed in 
a few words, the reader being referred, for further information, 
to the descriptions given by Pasteur (XIV.), Babo and Mach 
(I.), and F. Malvezin (I.). The forms of apparatus latterly 
constructed for the pasteurisation of wine have been described 
by Yassilli^re, Charvet and TJ. Gayon (I.), the last named of 
whom (I.) has also made comparative examinations of several 
systems. Illustrations and descriptions of the apparatus 
designed for pasteurising (or as it is often erroneously styled, 
sterilising) bottled beer, will be found in Fassbender's "Techno- 
logie," and in the handbooks mentioned in § 81. 

The difficulties encountered in the practical pasteurisation 
of wine, beer and must are mainly of three kinds. First is the 
selection of the lowest temperature at which it is possible to 
attain the end in view, viz. to kill the yeast and bacteria, or 
render them incapable of setting up any further action in the 
liquid in question. This temperature, however, necessarily 
varies according to the species of the organisms present, and the 
chemical composition of the wine or beer. Hence no invariably 
applicable figure can be given, though 50* to 60** C. may usually 
be adhered to. The further this limit is exceeded in the 
direction of the boiling point, the more decided will be the 
boiled — or in the case of beer, the so-called bread-like — flavour 
of the liquid treated. This flavour largely owes its origin to 
the modification of certain constituents of the hot liquid by 
oxygen. To afford a remedy — and this forms the second 
difficulty — not only must the access of air be prevented, i.e, by 
warming the liquid in corked bottles or bunged casks, but also 
the oxygen present in solution has to be eliminated — as was 
proposed in H. Gronwald's German Patent, No. 98,584 (1896). 
The third difficulty, which we need not now consider, resides 
in the formation of a coagulum produced by the heat, and con- 
stituting a deposit which, since it would spoil the appearance of 
the wine when poured out, has eventually to be removed by 
filtration, followed by a second pasteurisation. 

Some very tenacious bacteria are able to survive the pasteur- 
isation of the three liquids mentioned, but are scarcely capable 
of doing any subsequent damage. Thus, in a sample of Munich 
beer sufficiently pasteurised for the export trade, D(emens (I.) 
found 34 bacteria per c.c, all able to develop on nutrient 
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gelatin. It may be remarked that the Mycoderma are very 
susceptible to this treatment ; and it has been proved that, under 
the conditions prevailing in the pasteurisation of beer, a tem- 
perature of 60° to 65"* C. is fatal to six different species, including 
Mycoderma rubrum and M. hurmdi ; as also to Sacch. Past, III. 
and several species of beer yeast (Lasch^ (^O)- ^^ ^^® ^^^^ 
of several species of mucinous yeasts eicamined by Richard 
Meissner (II.), the limit was found to range between 51'' and 
61° C. according to the species. 

Since it is easier to render the yeasts innocuous than the 
bacteria, a slighter warming will suffice when there is reason to 
believe that the latter are entirely absent from, or harmless in, 
the wine under treatment, and when, consequently, the task is 
confined to eliminating the yeasts alone, in order to prevent 
them afterwards setting up secondary fermentation and turbidity. 
Carl Schulze (I.) has shown that, under these circumstances 
and in presence of about 10 per cent, of alcohol, the yeasts are 
killed by exposing the bottled wine to a temperature of 45° C. 
for two hours. The samples tested in this manner did not 
exhibit any alteration of flavour, though a precipitation of 
coagulum occurred. 

The preparation of so-called unf ermented and non-alcoholic 
grape and fruit wines, which in reality are nothing more than 
stabilified grape- or fruit-must — and which, thanks to the 
temperance movement, are more and more coming into favour 
— has also benefited by the observations just recorded. H. 
Mueller-Thurgau (XII.) in particular has occupied himself 
with this question, and has drawn up practical instructions for 
pasteurising these beverages, by exposure to a temperature of 
60** 0. for half-an-hour to an hour. Here also it is necessary 
to filter off the resulting deposit, and pasteurise again. Fruit 
juices, e.g, the cherry juice so highly appreciated in North 
America, can also be rendered stable by similar treatment. 

The reader will now be in a position to understand and 
thoroughly appreciate the operation of warming the curd in 
cheese-making (as mentioned in § 182), and the influence of the 
temperature then maintained on the subsequent progress of 
ripening. 



CHAPTER XLVII. 

ANATOMY OF THE YEAST CELL. 

§ 249.— The Cell Membrane. 

In the case of younger cells, actively engaged in metabolism, 
the cell membrane is very thin (only a few tenths of a fi) and 
has nearly the same refractive power as the enclosed plasma. 
It may be rendered clearly visible and distinguishable by allow- 
ing some strongly plasmolytic reagent, e.g, dilute acids, to act 
on the cell, whereby the contents are caused to shrink. The 
membrane can be exposed in a simpler manner by merely 
pressing gently on the cover glass of the microscopical pre- 
paration, so that the cells burst and the empty membranes 
become visible as pale skin. The membrane of the permanent 
cells described in § 245 and § 246 is, however, discernible with- 
out this preliminary treatment. According to the researches 
of H. Will (VIII.), the membrane in these cells attains a 
thickness of 0.7 to 0.8 /i, or even i /i occasionally. This thicken- 
ing of the cell membrane is a precautionary measure against 
adverse influences, and occurs more particularly when the yeast 
cells are obliged to develop in or upon a concentrated nutrient 
medium, e.g. strong ale ("Bockbier") wort or wort - gelatin. 
C. Becker (I.) determined the thickness of the cell membrane 
of stock yeast for ordinary Munich beer, as 0.5 /i, whereas that 
taken from a vat of strong ale measured up to 0.7 /x, and 
that from the still stronger Salvator beer 0.9 /i. The in- 
crease in thickness is accompanied by diminished penetrability, 
and consequently decreased fermentative power. For this 
reason the sedimental yeast from strong ales is rarely used 
again, or only for pitching worts of lower gravity (lager-beer). 

The influence of dilute acids {e.g. a i per cent, solution 
of osmic acid) or alkalis, on yeast cells, especially the per- 
manent cells, is evidenced by stratification of the membrane^ 
which was first observed by H. Will (VIII.) and then confirmed 
by O. Casagrandi (I.). Mostly the membrane is divided into 
two layers, or in some instances into three or even more ; though 
C Becker (I.) never succeeded in finding more than two. The 
outer of these gradually becomes detached as the cell grows 
older, a phenomenon first observed by P. Lindner (VI.) in the 
VOL. II. ^45 K 
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case of a Torula. An instructive example of this shedding the 
membrane is afforded by Fig. 149. The separation (a, b) may 
either begin at one spot and then gradually extend to a pro- 
gressively increased peeling of the outer layer (up to 0.5 /a thick), 
and the exposure of the inner and more delicate stratum of the 
membrane ; or it may go on simultaneously all over the surface, 
so that the cell remains enclosed in the unbroken outer layer 
as in a bag (r), through which any daughter-cell that may be 
produced has to make its way. Apart from such cases the 
membrane of yeast cells is invariably closed on all sides. It is 
necessary to emphasise this in view of Bizzozero's (I.) impro- 
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Fio. 149.— Permanent Cells of Bottom-fermentatiou Beer Yeast. 

a. The outer layer of the membrane beginning to peel off. Cell contents rich in 
drops of oil. From a culture in beer wort. 

b. The cell has perished from some unknown cause, before the bud in course of 
formation had fully developed and separated therefrom. The dead plasma has collected 
in lumps. The outer layer of the membrane has almost completely loosened, and en- 
closes the cell like the calyx does a flower. 

e. A budding cell from which the exterior layer of membrane has become detached 
on all sides. In this bag, wherein two daughter-cells are just commencing to separate, 
rests the parent-cell, which is beginning to put forth a third new daughter-cell 
through a crack in the outer membrane, b and c were taken from the yeast ring of an 
old culture in peptone-dextrin-nutrient-salt solution. Magn. 2000. (After WiU.) 

bable report that the membrane of a budding fungus found by 
him in human epidermis — and of still indefinite position in the 
botanical system — was full of pores. 

More or less perfect fragments of such discarded layers of 
cell membrane are found in almost every liquid yeast culture of 
a certain age. There is no danger of their being mistaken, 
even by a beginner, for the albuminous flakes so common in 
beer wort cultures, if microchemical reactions be called in aid, 
since these will quickly show that we have here to do with a 
substance differing both from albumin and from cellulose. 

With regard to the chemical composition of the materials 
constituting the membrane of the yeast cell, there is not much 
reliable information to offer at present. Leaving out of con- 
sideration what, in the present state of our knowledge, must be 
regarded as an erroneous counter - opinion expressed by J. 
ScHLOSSBERGER (I.), the absence of true cellulose therein was 
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ascertained by Mulder (IV.), and afterwards by C. von 
WissELiNGH (I.) The absence of any appreciable action of 
ammoniacal copper oxide on the yeast cell had already been 
observed by Liebig. According to the concordant results fur- 
nished by the researches undertaken by C. von Wisselingh and 
by Tan RET (III.), chitin, the second material taking part in 
the sti-ucture of the cell membrane of the Eumycetes in general, 
also seems to be lacking in the case of yeasts. The alleged 
observation, by Curtis (I.), of a violet colouration produced by 
zinc iodochloride on the membrane of a pathogenic budding 
fungus, was declared by Casagrandi to be erroneous; and no 
more than a faint yellow colouration is produced in the membrane 
of vegetative yeast cells by simple iodine solution. According to 
H. Will (IX.), the report made by several observers to the 
effect that the spore membrane of various yeasts is strongly 
tinged a yellowish brown by zinc iodochloride, must be cor- 
rected in the sense that the seat of this colouration is not in 
the spore membrane itself, but in an overlying unconsumed 
residue of the plasma of the parent-cell. This Will was able to 
determine more particularly in the case of two species of wild 
yeast examined. According to Lindner (VIII.), the spores of 
'JSchizo-Saccharomyces odospoi^vs exhibit a very peculiar behaviour 
in this respect, a powerful blue colouration being imparted by 
iodine and potassium iodide to the spore membrane, and often 
to that of the vegetative cells as well. The same behaviour was 
observed by J. Ch. Holm in another species allied to the one 
just mentioned. Along with these exceptions must also be 
classed the blue colouration observed by Liebermann and Bitto 
{I.) on the addition of zinc iodochloride to a macroscopical pre- 
paration of so-called yeast cellulose (§ 225). In connection 
with this behaviour of the yeast cell membrane towards colour- 
ing matters, Casagrandi remarks that Congo Red is not absorbed, 
whereas, on the other hand, very good staining can be effected 
with Ehrlich's Methylene Blue or Hanstein's Aniline Violet. 
C. Becker (I.), however, found only the latter of these two 
effective. Solution of the membrane occurs on the cells being 
immersed in concentrated chromic or sulphuric acid, whilst other 
acids are ineffectual. The same applies to the mixture of nitric 
acid and potassium chlorate, known as Schulze's maceration 
liquid, through its mode of action having first been observed 
and utilised by Brunnengraeber in the laboratory of Professor 
F. F. Schulze at Rostock. This is related by A. Tschirch (IV.) 
in an admirable historical review of microchemical methods. 

The foregoing, together with a series of other microchemical 
reactions, led Casagrandi to the belief that the yeast cell mem- 
brane contains a substance chemically allied to the pectin 
recognised by Mangin as a constituent of other vegetable mem- 
branes. It is, however, difficult to ascertain whether and how 
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far this view is correct, owing to the absence of means for 
detecting this carbohydrate. Still more undecided is the ques- 
tion as to the divergent chemical composition of the various 
strata of the membrane. That some difference does exist may 
be deduced from the influence exerted by chromic acid (diluted 
with its own volume of water) on the cell membrane, whereby 
the inner layer is more readily dissolved than the outer, 
especially in the case of permanent cells. This observation was 
first made by H. Will, and was afterwards confirmed by Casa- 
grandi and supplemented by different staining tests. It was 
probably owing to a similar observation that Ncegeli was led to 
surmise that the cell membrane in the films of Mycoderma is 
cuticularised. 

The hypothesis founded on the microchemical examination of 
the yeast cell membrane is undeniably supported by the macro- 
chemical researches of Salkowski (VI.) on the same point. He 
found that the residue obtained by extracting pressed yeast for 
half-an-hour (§ 254) with boiling 3 per cent, caustic potash solution, 
and amounting to about 3. i per cent, by weight of the substance 
taken, was separable into two components — one soluble, the 
other insoluble — by prolonged boiling in a large volume of 
water, under a reflux condenser, or in the autoclave at a pressure 
of 2 to 2 J atmospheres. On separating and concentrating the 
solution, the soluble constituent was precipitated by absolute 
alcohol, as a white powder exhibiting the rotatory power aj^ 
173.3** ^ i74*i°' T^® results of the ultimate analysis indicate 
the formula OgH^QOg. On hydrolysis with dilute acids, practi- 
cally the whole is converted into c?-glucose. Iodine in potassium 
iodide gives a powerful brown-red stain, on which account the 
substance has received the name erythrocellulose. It differs 
from the somewhat analogous glycogens in its lower rotatory 
power. The other constituent of the original residue remains, 
in the form of a colourless jelly at the bottom of the liquid,, 
and, as it is not altered by iodine solution, is called achroocellu- 
lose. On hydrolysis it furnishes a mixture, chiefly of glucose 
with comparatively little mannose, and on this account is pro- 
bably not a uniform substance. 

From the above reports one thing seems clear: that the 
membrane of the yeast cell is a complex structure, both from 
the anatomical and the chemical point of view. This fact will be 
regarded as so much the more certain when it is stated that no 
one has yet succeeded in obtaining the so-called yeast cellulose 
free from ash constituents and nitrogen. Schlossberger found 
i.o per cent, of ash, and the preparations made by Salkowski 
contained between 1.7 and 2.6 per cent., whilst Liebermann- 
and BiTTO (I.) found 1.8 per cent, in theirs. It does not do,^ 
however, to launch out into theories respecting the significance 
of these inorganic constituents, the more so because the com- 
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position of this ash is still unknown. Moreover, we have also 
to reckon with the still uninvestigated possibility that the ash 
itself is introduced into the membrane during the process of 
extraction. As regards the amount of nitrogen in the mem- 
brane, one is unable to find similar unanimity in the reports 
of the different workers, for whereas Schlossbebgeb (I.) could 
not reduce it below 0.5 per cent, and E. Salkowski (VL) 
arrived at about the same limit (0.4 to 0.5 per cent.), both 
Mulder, and also N^geli and Loew (II.) claimed to have 
eliminated it to a trace, though by the use of reagents (e.g. 
strong, warm hydrochloric acid) which few substances could 
withstand undecomposed. 



§ 250.— The Cell Nucleus. 

Only in comparatively rare instances is the cell nucleus easily 
recognisable in the living cell without some preliminary treat- 
ment, its refractive power being usually only a little greater 
than that of the cytoplasm. In years gone by, when the 
optical instruments available were inferior in power to those 
of the present day, the nucleus thus escaped the observation of 
even practised microscopists. Whereas Nsegeli, as long ago 
as 1844, frequently remarked in the cells of wine and beer 
yeasts " a small nucleus of whitish mucus adjoining the mem- 
brane," the presence of which was confirmed by M. J. Schleiden 
(I.) in 1849, Ernst Bruecke (I.) on the other hand asserted in 
1 86 1 that he had never succeeded in finding the same. The 
earliest important advance was made towards the close of the 
eighties, by the application, to the botanical examination of cells, 
of the microchemical staining processes already successfully 
used in the domain of zoology. Fr. Schmitz (I.) i^i 1879 pre- 
pared yeast cells by hardening them in a saturated solution of 
picric acid, then washed them with care, and stained them by 
immersion in haematoxylin, followed by repeated washing. In 
this way he succeeded in discovering in each cell a small 
bliie-stained body, which was clearly distinguishable from the 
surrounding colourless plasma, and, both in this and several 
other respects, behaved very like the nucleus of the animal cell. 
Strasburger, in repeating the tests several years later, descanted 
on the somewhat difficult performance of this staining process, 
and it is therefore not surprising that other experimenters 
of both sexes, e.g. Fr. Krassnek (I.) in 1885, ^^^ Sidonia 
EiSENSCHiTZ (1.) ten years later, tried it without success. No 
more fortunate in this respect was JoH. Raum (II.) who, in 
1890, on the basis of his staining tests (mentioned in later 
paragraphs) expressed the opinion that the cells of yeast are 
non-nucleated. A similar negative standpoint seems to have 
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been taken up also by G. Hieronymus (L) and A. B. Macallum 
(I.). On the other hand Schmitz*s discovery was confirmed by 
E. Chr. Hansen (XVI.), A. Zalewski (I.), E. Zacharias (I.), 
H, M(£LLEK (IL), P. A. Dangeard (II.), Fr. a. Janssens (I.), 
and L. Buscalioni (I.). The first-named Danish worker also 
stated that he had been able to discern the nuclei in the cells 
of the films produced by Saccharomyces PastorianiLS I. and //., 
and *S'. dltpsoidetis /., in many cases without trouble. Moeller 
also observed the nucleus as a homogeneous, pale reddish disc, 
and expresses the opinion that the same has been mistaken for 
a TacQOle by many observers. The present author is able to 
confirm this from his own experience as a teacher, this mistake 
regarding the cell nucleus being of somewhat frequent occur- 
rence among practitioners. 

The method tested by H. Mosller (III.), and recommended 
by him as the best for rendering the nucleus visible, is a 
staining process proposed by H. Heidenhain (I.) ; and Janssens 
and Leblanc (I.) also recommended the same as being the most 
reliable. The method of application consists in fixing a cover- 
glass streak-preparation with a solution of iodine in potassium 
iodide, and hardening the same in alcohol as recommended by 
McELLER (II.) ; then mordanting it in a 2 J per cent, solution of 
iron alum, and finally staining with a ^ per cent, solution of 
haematoxylin. 

The morphological variability of the cell nucleus was already 
recognised by Schmitz. In young cells the nucleus is globular, 
but flattens with increasing age to a disc of sinuous contour 
(Zalewski found this elliptical). The dimensions are consider- 
able, the diameter in some instances attaining to one-third that 
of the cell itself. According to the researches of Buscalioni 
and Casagrandi (I.) with Saccharomyces (juttulattis, the dimen- 
sions of the nucleus vary with the size of the cells. Except in 
the case of ascosporulation (to be referred to later on) Janssens 
and Leblanc (I.) failed to find more than a single nucleus in 
any yeast cell during their experiments with pure cultiire. 

The first observation in connection with the internal structure 
of the yeast cell nucleus, namely the occurrence of a nucleolus, 
was made by Zalewski (I.) in 1885. H. Mceller (II.) in 1892 
questioned the accuracy of this report, but it was confirmed 
a year later, almost simultaneously, by Dangeard (II.) and 
Janssens (I.), and also later by H. Wager (I.), who found that 
the cell nuclei of yeast exhibit both a membrane and a 
nucleolus. The latter is of globular shape, is situated about 
the centre of the nucleus, and measures in diameter up to one- 
third that of this last named. The space between the membrane 
and the nucleolus is filled with karyoplasm, which, according to 
the researches of Janssens and Leblanc (confirmed by H. Wager), 
has a filamentous structure, forming a sort of framework. The 
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nucleolus is suspended by the threads of karyoplasm. These 
two Belgian workers also observed that, under certain circum- 
stances, one or more vacuoles may appear in most of Hansen's 
species of SaccTiaromycetes, as also in Schizosaccharomyces Pomhe 
and divers beer yeasts and pressed yeasts, especially when the 
cells are transferred into a fresh nutrient solution. They have 
also been observed by Buscalioni in the nuclei of S, guttulattis, 
but are never found in Sacch, Lvdioigii and Schizosaccharomyces 
octosporus, 

A few remarks may here be made as to the division of the 
nucleus. The reports hitherto made on the form and structure 
of the nucleus of yeast have always related to cells not actually 
engaged in reproduction. When, however, this process sets 
in, a similar division (reproduction) of the hitherto quiescent 
nucleus also begins. This operation, which has been already 
mentioned in § 46 and § 219, may proceed in two ways : either 
the comparatively simple process of direct subdivision, known 
as fragmentation or amitosis, or by the indirect division termed 
segmentation, karyokinesis, or mitosis. In this latter method 
the two daughter-nuclei are the result of extensive alterations 
and modifications of the nuclear structure, as may be read in 
detail in the treatise of A. Zimmermann (II.) already mentioned. 
So far as yeast cells are concerned, a certain lack of unanimity 
on this point prevailed for some time among the various ob- 
servers. Thus the nuclear reproduction accompanying gemma- 
tion was regarded as fragmentation by H. Mcelleb (II.) in 
1892, and this opinion was shared by Dangeard (II.) a year 
later, Buscalioni (I.) taking the same view in 1896, and H. 
Wager (I.) in 1898. On the other hand, Janssens (I.) in 1893 
opined that the nucleus in the budding yeast cell reproduces by 
karyokinesis. Equally contradictory are the reports on nuclear 
subdivision during the formation of ascospores. Janssens con- 
sidered it karyokinetic, but Mceller (IV,) and Buscalioni 
held it to be fragmentation. The problem was solved in 1898 
by the observation of Janssens and Leblanc (I.) that the nuclei 
of yeast cells, especially Saccharomyces lAidmgii and Schizo- 
saccharomyces octosporus, are usually reproduced by karyo- 
kinesis, but that this process may undergo a more or less 
extensive simplification and approximation to direct division, 
more particularly when the cells are kept under comparatively 
less favourable conditions of existence. Similar intermediate 
stages between the two extremes, of mitose on the one hand and 
amitose on the other, have also been recorded in respect of the 
cell nuclei of higher plants during the past few years. 

We are also indebted to the two last-named Belgian workers 
for a series of observations on the progress of nuclear sub- 
division. The first thing noticeable in a cell that is about to 
bud is the disappearance of the nuclear membrane, and the 
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elongation and separation of the nuclear body into two parts. 
The two nucleoli, which are still connected by a thin thread, 
then move towards that part of the cell at which the bud 
commences to protrude. One of them passes into the embryo 
daughter-cell, and develops into the nucleus thereof, enveloping 
itself with a membrane — as does also the other which has 
remained in the parent-cell. A view of the different stages of 
this subdivision is given in Fig. 150. During sporulation a 
similar subdivision occurs. Two daughter - nuclei are first 
formed, which, of course, remain in one and the same cell, and 
thereby give rise to the exceptional case, referred to above, of 
more than one nucleus being present in a yeast cell. Both 
these nucleoli eventually undergo a second subdivision, the 
resulting four nuclei then consuming the existing cytoplasm 
for the purpose of developing into a corresponding number of 







Fig. 150.— Saccharomyces Ludwigii Hansen. 

Cells at various stages of budding. Stained. 

a, Subdivision of nucleus accomplished ; the daughter-nucleus entered into the 
daughter cell still remains attached to the connecting thread ; 

b, the latter becomes detached ; 

c, the septum between mother and daughter-cells commences to form ; 

d, the separation is complete. Magn. 1200. {After Janssens aiid Leblanc.) 

ascospores, each enveloped in a new membrane. In the event 
of eight spores being formed, the process of subdivision must 
first be repeated. In cells containing a different number of 
ascospores (e.g. six or nine), it naturally follows that the process 
of subdivision has not been repeated the same number of times 
in all the nuclei, but has ceased in some earlier than in others. 
Finally it may be mentioned that the processes just referred to 
cannot be distinguished in the living cell without preparation 
— as Krasser (II.) unsuccessfully endeavoured to accomplish — 
but that recourse must be had to a suitable method of staining 
in order to render them visible. 

Since, as already stated, the nucleus in an unstained yeast 
preparation may readily be mistaken for a vacuole, and vice versa, 
by an unskilled eye, it is necessary to make a few remarks with 
regard to these vacuoles. As a rule — to which an exception is 
afforded by e.g, Saccharomyces ajdculatus — the appearance of 
one or more vacuoles in the yeast cell is coincident with ex- 
haustion and with a lack of nourishment. Up to the present no 
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reliable information is available as to the nature of the liquid 
composing these vacuoles. The refractive power is lower than 
that of the surrounding plasma, which circimistance alone is 
sufficient to differentiate them from the ascospores with which 
they are occasionally confounded by beginners, since a closer 
examination will quickly show that the refractive power of the 
latter bodies is (in most cases at least) greater than that of ordi- 
nary yeast plasma. This difference becomes particularly apparent 
when the micrometer screw of the 
microscope is turned to and fro a 
little. Under certain circumstances 
the development of vacuoles (which 
are mostly globular or oval in shape) 
may proceed so far that they almost 
completely fill the cells, the residue 
of the protoplasm being then reduced 
to a thin stratum adjacent to the cell 
walls ; or, where two or more vacuoles 
are present, may form a thin layer 
between them, and thus, to the inex- 
perienced eye, produce the erroneous 
impression that a septum has been 
developed. 

The vacuoles are also occasionally 
observed to contain inclusions. An 
instance (though a comparatively rare 
one) of this kind, namely, the appearance of crystals or crystalloid 
structures, is shown in Fig. 151. Such inclusions have been 
observed by Raum (II.) and Hieronymus (I.) in the vacuoles of 
true Saccharomyc^'tes, and by H. Will in those of Mycoderma 
and Torula. Janssens and Leblanc, on the contrary, are of 
opinion that these structures are in reality nucleoli. 

A more frequently observed occurrence is the presence, in 
vacuoles, of a briskly motile body, of which mention will be made 
at the end of the next paragraph. 




Fig. 151.— Crystalloid 

in the vacuole of a cell of pressed 
yeast. Near by is a dense cluster 
of granules. Magn. 4400. (After 
Hieronynvas.) 



% 251.— The Granules. 

In addition to the nucleus, which, as a rule, is not visible 
until the preparation has been stained, yeast cells generally 
contain other organised inclusions, which, on the contrary, do not 
require any artificial aid to become visible, but compel the 
attention of the observer by their higher refractive power. 
Since their lustre recalls that of the drops of oil found in the 
cells of higher plants, e.g. in seeds, they have received the 
name of "refractive bodies,'' or formerly, "oil drops." At 
present they are known as granules or microsomata. It is only in 
very young cells that they are not to be found ; but they 
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appear in large numbers at the close of primary fermentation, 
and are usually very abundant in permanent cells (§ 245). 
Naturally, the metbo<d of nutrition has also some influence on. 
their occurrenca Thus, G. Hierontiids (I.) found only very 
few granules in the cells of pressed yeast that had been grown 
in a nutrient-salt solution containing grape sugar, whereas 
they were abundant in such cells as bad been kept in milk or a 
solution of beet sugar. According to a report by Job. Baum 
(II.), DO granules are formed when sugar is absent from the 
nutrient substratum. 

It is to the last-named worker that we are indebted for the 
first accurate investigations in connection with these inclusions. 
These researches are the more valuable in that they were ex- 
clusively performed on pure cultures, namely, of ten species of 
budding fungi, comprising six true Harcharofnycetes (S. ' 




of botlomtermentiUon besryeut, either putiiltf or eotirely BUed with gnnnlet. Cell 
w&UcoiuldenblT thickened. Miign. sodq. {AJler WUl) 

I. Hansen, S. eUipsoiileue I. and 11. H., S. Pastorianus I. H . 
pressed yeast from Warsaw, and a yeast from the air), a 
red budding fungus termed S. gluti^'m, a so-called black yeast, 
and a budding fungus fronj Kephir granules. The occurrence 
of the inclusions in question was demonstrated in all these 
species. The number fluctuates considerably, and very often 
far exceeds a dozen. Their dimensions were also found to vary 
considerably. When a large number are present, they are com- 
paratively minute (Fig. 152), generally only a few tenths of a 
micromillimetre in diameter ; but when the number is smaller 
(and it may sink to unity), the size attains considerable pro- 
portions. In the latter event they may readily be mistaken, by 
the inexperienced eye, for ascospores, owing to the high refrac- 
tive power they have in common with the latter. In doubtful 
cases the uncertainty may be removed by the aid of some of the 
microchemical reactions given below. Moreover, these granules 
are not always of the same shape ; for the most part they are 
globular, though specimens with an angular contour are by no 
means infrequent. In throwing doubt on the existence of this- 
Utter modification, and opining diat it only appears on staining. 
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Janssens and Leblanc (I.) forget that it has also been observed 
by Hieronymus in the granules of unstained, living yeast cells. 

H. Will (VIII.) was the first to publish details concerning 
the anatomical structure of these granules. Whereas J. Raum 
had previously failed to detect any structure, and Hieronymus 
regarded them as crystalloids, Will succeeded in showing, with 
a series of pure cultures of beer yeasts of divers origin — 
Mycoderma, 2'o7ncla, and species belonging to the Saccharomyces 
anomalies group — that the granules in question consist of at 
least two distinct constituents : an outer case of albuminous 
substances and a fat like interior, which latter justifies the name 
" oil drops " bestowed by Will. The only point on which doubt 
exists is with regard to the presence 
of filaments (Fig. 153) which, accord- 
ing to the observations of this worker, 
extend from the outer case to the interior 
of the granule and there form a net- 
work enclosing the fatty contents of 
the granule. O. Casagrandi (I.) regards 
this network as being, not a pecul- 
iarity of the unaltered granulum but T' l^t^^"!Te^!i^on 

as a consequence of the influence of the beer yeast, containing an 

reagents (e.j/. alcohol) employed for dis- S'^'ieif^|„t'^"^th 

solving out the fatty portions and reveal- alcohol. M:.gn. 2000. (After 

ing the alleged reticulations. For the 

rest, and in its chief points. Will's observation was confirmed by 

Casagrandi. 

The peculiar behaviour exhibited by the granules towards 
reagents is easy to understand. With the exception of Raum 
and Fr. Krasser (II.), all the other observers — including Alb. 
Kloecker in the case of the so-called Saccharomyces apiculatvs 
— are entirely agreed that the granules are turned brown by 
the action of a i per cent, solution of perosmic acid, which is 
the chief reagent for fats. The fatty contents having been 
extracted by a suitable solvent, the residual outer case gives all 
the characteristic reactions for albumin. When yeast cells are 
treated with concentrated sulphuric acid the membrane swells 
up ; the acid then gains access to the granules and destroys 
their integument, whereupon the fatty contents of the individual 
granules coalesce to form larger drops. These turn first green 
and then bluish-green to blue-black, and, on the addition of a 
little 10 per cent, caustic potash, are partly or entirely dis- 
solved, i.e. vanish from sight. According to Casagrandi's con- 
firmation of the results obtained by Raum, a similar effect is 
obtained by treating yeast cells with artificial gastric juice : the 
outer case of the individual granules is digested, whereupon 
the exposed contents unite to drops, which can then be removed 
by ether-alcohol. 
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The action of fat-dissolving reagents on the contents of the 
still unaltered granules is, as may well be imagined, consider- 
ably impeded by the albuminous integument, and requires some 
time (often far more than twenty-four hours) to attain com- 
pletion. Lacking the necessary patience for this, one is easily 
led to the conclusion that the solvent has no influence ; as was 
the case, for instance, with Raum and the ether-alcohol mixture, 
with Hieronymus and concentrated caustic potash, and with 
Curtis (I.) and benzene, until Casagrandi, with a greater 
exercise of patience, showed the contrary. Moreover, it is not 
surprising that the requisite duration of exposure to these 
reagents should have been found to vary, not only with the 
granules of different cells, but also in the case of the different 

granules in one and the 
same cell. It is, how- 
ever, carrying matters to 
extremes, to do as was 
proposed by SiDONiA 
EiSENSCHiTZ (I.), for ex- 
ample, and attempt to 
establish a classification 
of the granules into dif- 
ferent groups on the 
basis of this divergent 
behavioui'. 

From the above- 
mentioned solubility of the outer cases of the granules in 
artificial gastric juice, it may be concluded that they are con- 
structed of digestible albuminoids, and consequently that no 
nuclein is present in the granules. Nevertheless, according 
to the reports of Fr. Krasser (II. )> this rule, which was 
established by E. Zacharias (I.), has certain exceptions. 
With regard to the composition of the fat-like contents of the 
granules, nothing precise can be said at present. Attention 
should, however, be paid to the reports recorded in the third 
paragraph from the end of § 253. 

The observations (especially those of H. Will) made on the 
consistence of the granules, show that the fatty contents of 
these inclusions are not perfectly liquid, but rather semi-fluid. 
The application of pressure to the cover glass, under which a 
yeast cell has been placed, causes the granule to burst, as is 
shown in two examples in Fig. 154. 

With regard to the distribution of the granules within the 
yeast cell, it was found by J. Raum that a certain order prevails, 
inasmuch as these structures are arranged in series which 
represent arcs or portions of arcs. Closer investigations, con- 
ducted by Hieronymus, supplemented this discovery by showing 
that the granules are arranged in spirally wound chains, embedded 



Fio. 154.— Dead Permanent Cells 

from bottom-fermentation beer yeast; each con- 
taining a large granule which has burst in con- 
sequence of the application of pressure to the cover 
glass. Magn. 2000. {After WUl.) 
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in a coutinuous protoplasmic filament, as depicted id Fig. 155. 
Hieronymus calls this union a central filament Subsequently, 
on the basis of the observations 
of A. Qcertz, the existence of 
Buch an arrangement of the 
granules was denied by A, Zih- 
HERHANN (IT.), until Casagraudi 
confirmed the accuracy of Hiero- 
nymus' discovery, with the un- 
important limitation that the 
alleged regularity of aiTangement 
is, in many cases, present to only 
an inferior extent. 

Clearly under the infiuence of 
Biitschli's theory of the structure 
of protoplasm (p. 42, vol. i.), Janb- 
BEMS and Leblang (I.) explained 
the appearances in question as 
the knots of the network observed 
by them in the cytoplasm of the 
yeast cell (Fig. 156). In the 
author's opinion, however, it has 
not yet been strictly proved that 
these knots are identical with the 
structures here referred to as 
granules. The existence 
reticulated framework in 
cytoplasm of the yeast cell has, 
nevertheless (according to a written communication), been also 
demonstrated by H. Will 

Staining the granules for the purpose of identification can 
be effected by the method recommended 
by P. Eksst (II.) and tested by Eaum. 
The preparation is ti'cated with moder- 
ately warm (not boiling hot) Lceffler's 
Methylene Blue solution, followed by 
washing with water, and finally by stain- 
ing with a cold solution of Bismarck 
Brown. This causes the granules to 
appear black, and to stand well out from 
the surrounding brown-stained plat 
A differential staining of the integument 
of the granules can be effected by the 
method recommended by Casagrandi. 
Here the yeast cells are fixed (§ 34) with 
an alcoholic solution of corrosive sub- 
limate, the fatty contents of the granules a 
absolute alcohol, the rest stained with a zc 
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fuchsine, decolorised, and finally stained by immersion in a 30 
per cent, aqueous solution of picric acid. This colours the integu- 
ment red and causes the granules to stand out clearly from the 
surrounding plasma, which is stained yellow. Even during the 
life of the cell, the granules will absorb certain dyestu£Es, for 
instance when, as recommended by Eisenschitz, cells of yeast 
are cultivated in beer wort containing an addition of a i per 
cent, solution of Benzopurpurin. Some of the granules will 
stain red by this method in one to two days. 

In addition to these granules, which can be detected at once 
in the unchanged living cell, there are, according to Hieronymus, 
other similar inclusions, which only become visible after the 
cells have been fixed with, say, chromic acid or hydrochloric 
acid. When this treatment has been followed by staining, the 
" central filament " is found to be surrounded by an abundantly 
looped chain of granules embedded in the portions of the plasma 
adjoining the wall. 

Nearly every one of the workers hitherto named has re- 
corded a certain power of locomotion on the part of the struc- 
tures in question, though the reports on the extent of this 
power differ. It was remarked by Raum and then confirmed 
by Hieronymus, that in many instances (though not invariably) 
a gradual migration of granules from the parent-cell into the 
young bud goes on during the formation of a daughter-cell. 
This is represented in Fig. 155. The movement of the granules, 
however, proceeds very slowly, and bears no comparison with 
the brisk saltatory motion (Brownian movement?) noticeable in 
the bodies often observed in the vacuoles of many yeasts, and 
which are indeed so plentiful in the cells of Mycodetnna as to 
constitute a characteristic of this mould fungus. Divergent 
opinions prevail on the nature of these yacuolous inclusions (so- 
called saltatory bodies), some regarding them as being invading 
bacteria, others as endogenous cells, or as dead plasmal excre- 
tions. J. Raum was the first to observe the entry of these 
bodies from the plasma into the vacuole ; and it was then shown 
by E. KuESTER (I.) that this migration could be induced by 
allowing the yeast cells to dry on some substratum. According 
to the reports of Eisenschitz, a reversal of this migration — 
namely, from the vacuole back to the surrounding cell plasma, 
may occasionally take place. The chemical construction of these 
saltatory bodies can no longer be regarded as identical with that 
of the plasma granules, since E. Kuester has shown that the 
two differ in certain respects as regards their behaviour towards 
dyestuffs. This notwithstanding, neither he nor Symmers (II.) 
later on, succeeded in arriving at a definite solution of the 
problem. 

In many instances it is observed that the granules offer a 
greater resistance to decomposition than any other constituents 
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of the yeast cell, so that, even when the cell membrane has 
become warped by moisture and the other portions of the cell 
contents have disappeared from view, the granules remain 
alone, in the form of free globules (§ 8) as fine as dust, which 
swim in the nutrient medium, and occasionally render the 
latter turbid. Probably it is in this sense that we should regard 
the observations which J. Wortmann (XII.) had occasion to 
make in connection with wines that had turned turbid during 
storage in bottle. 



CHAPTER XLVIII. 

CHEMISTRY OF THE YEAST CELL. 

§ 252.— Chemistry of the Yeast Cell Nucleus. 

Recent investigations have shown the probability that, in place 
of being in a free state in the cell, the albuminoids present form 
part of more highly constituted bodies termed proteids. At a 
given moment these bodies are split up into the albuminous 
nucleus on the one hand, and the adherent lateral chains on the 
other. These latter have been termed prosthetic groups by A. 
KossEL (V.), and explained as the real means by which the vital 
activity of the cell is enabled to act. Of the groups into which 
the proteids themselves have been classified, one, namely that 
of the nucleins, is of particular importance, since, as the name 
itself implies, it furnishes impoi-tant structural material for the 
nucleus. A little fuller information on this point will probably 
be not unwelcome to the reader, and for this reason a few 
remarks concerning certain conclusions of a practical nature will 
now be given. 

In 1869 F. MiESGHER (I.) isolated, from the nuclei of pus. 
cells, a nitrogenous constituent to which he gave the name 
nuclein. This body di£Eered from other proteids, both as regards 
its percentage of phosphorus and by its power of withstanding 
pepsine. The occurrence of such nuclein in yeast cells was then 
discovered by F. Hoppe-Seyler (IV.). After doubt had been 
cast by N^egeli and Loew (II.) on the accuracy of these obser- 
vations, A. KossEL (III.) succeeded in obtaining considerable 
quantities of fairly pure nuclein from pressed yeast. For this 
purpose the yeast, stirred to a pulp, was left for several houra 
under water, the latter being renewed once or twice in the 
interim. The yeast sediment was then introduced into dilute 
caustic soda, which extracted the nuclein. As, however, the 
latter was at the same time gradually attacked by the solvent, 
it was found desirable to place the mixture at once on a number 
of filters and to allow the filtrate to drop into dilute hydro- 
chloric acid, which re-precipitated the dissolved nuclein. The 
precipitates were then united on a filter, washed with dilute 
hydrochloric acid and alcohol, and repeatedly extracted with the 

same, thus furnishing a product which, when dried under the= 
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air-pump, formed a white and fairly pure preparation. Ana- 
logous substances have been separated from the most divergent 
animal and vegetable organs, and classified under the collective 
term nucleins. 

The first investigations concerning the percentage proportion 
of nuclein to the total nitrogenous constituents of yeast were 
performed by A. Stutzer (I.). According to this worker, the 
dried residue obtained from beer yeast by several days' cold 
extraction with 95 per cent, alcohol followed by drying over 
sulphuric acid, contained 8.65 per cent, of total nitrogen, of 
which 2.26 per cent, (or more than a quarter) was in the form 
of nuclein. Still richer in this respect was the thallus of a 
mould fungus of undetermined species, which settled from the 
air into a nutrient solution containing tartaric acid ; since, out 
of 3. 78 per cent, of total nitrogen in the dry residue, i. 54 per cent, 
(or nearly 41 per cent, of the whole) was present as nuclein. 

It is to the labours of A. Kossel and his pupils that we 
are mainly indebted for information on the chemical constitution 
of nuclein in general, and of yeast nuclein in particular. Their 
discoveries furnished the basis for Kossel's (II.) classification 
of the nucleins into fcwo groups. The first includes substances, 
which, so far as is known, do not occur in cell nuclei, and which 
were named paxanucleins by Kossel, or pseudonucleins by Ham- 
MARSTEN (III.). When decomposed by dilute acids they yield 
only phosphoric acid and albumin. On the other hand, under 
the same treatment, the true nucleins, which alone form the 
subject of the following lines, furnish, in addition, basic sub- 
stances to which the name nuclein bases has been given. 

An important elucidation of the constitution of nuclein was 
first presented by R. Altmann (I.) by the discovery that these 
proteids are decomposed by dilute alkalis into albumin and a 
nitrogenous acid, rich in phosphorus, which has received the 
name of nucleic acid. This therefore is the prosthetic side 
chain in the nuclein complex ; and it generally receives an 
additional appellation indicative of the origin of the nuclein in 
question. All the varieties of nucleic acid exhibit the character- 
istic behaviour, when heated with dilute acids, that they suffer 
decomposition into one or other of the nuclein bases described 
below. The molecule of nucleic acid is composed of a large 
number of atoms. Those of phosphorus and nitrogen stand in 
the ratio i : 3 in nearly all the instances known. So far, only 
two exceptions to this rule have been observed. One of them 
is the guanylic acid, isolated from the nuclein proteid of the 
pancreas of the ox and more closely examined by I. Bangs (I.), 
the molecule of which acid contains 5 atoms of nitrogen to each 
atom of phosphorus. The other is a nucleic acid isolated from 
the embryo of wheat by Th. B. Osborne and G. F. Campbell 
(I.), the ratio P : N being in this case i : 4. 

VOL. II. L 
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As regards the composition of the albuminoids resulting 
from the decomposition of the nucleins, less is known than of 
the nucleic acids with which they are combined. A. Kossrl 
(III.) was the first to investigate yeast nuclein, and he found 
that the albuminoid substance obtainable therefrom offered 
greater resistance to the digestive enzymes (pepsin and trypsin) 
than the yeast nuclein itself, since about 66 per cent, of the 
latter, but only 3 per cent, of the former could be brought into 
solution within twelve hours in the course of a comparative 
test. 

According to A. Kossel (II.), the yeast nucleic acid, first 
prepared by Altmann, has the formula Cj^HggNgPgOj^ or 

^25 ^86 -^9 ■'^s ^22- "^^^ Same authority (V.) states that it is 
decomposed by alkalis into carbohydrates and an acid, namely 
plasmic acid, rich in phosphorus and in nitrogen. The formula 
(Cj^HggNgPgOgQ) ascribed to this latter acid by Kossel is 
appai*ently only approximately correct, since no notice was 
taken of the iron content (p. 47) subsequently found therein 
by A. AsGOLi (I.). Under the influence of boiling dilute mineral 
acids, plasmic acid furnishes nuclein bases, together with phos- 
phoric acid and a nitrogenous organic substance which has not 
yet been more closely examined. A patent has been taken out 
by K. ScHWiCKERATH (I.) for a process of purifying crude nucleic 
acid from adherent brown mucinous substances, in view of the 
preparation of yeast nucleic acid on a large scale. In this 
connection, attention should also be directed to the German 
Patent, No. 107,734, granted to the Elberfeld Farbenfabriken. 

The carbohydrates furnished by the action of boiling dilute 
mineral acids on yeast nucleic acid (though not from plasmic 
acid), reduce Fehling^s solution, and, according to Kossel (V.), 
probably consist of a mixture of glucose and one of the pentoses. 
LiEBERMANN and BiTTO (I.) regarded them as an adherent con- 
taminating admixture, of the character of the so-called yeast 
gum. Similar carbohydrates have also been isolated from 
various nucleins of animal origin by A. Kossel and A. Neumann 
(II.), as also by Hammabsten (III.), Alpr, Noll (I.), and by I. 
Bang (I.). The two first-named workers, however, have also 
shown that many nucleins contain two kinds of carbohydrates : 
non-reducing carbohydrates present in the molecule of the 
nucleic acid ; and reducing carbohydrates which, along with the 
latter substance, take part in the structure of the nuclein com- 
plex, and appear in company with nucleic acid on the decomposi- 
tion of the main substance. 

Of the nuclein bases here in question, the first to be dis- 
covered in the manner described above was hypoxanthin 
(O5H4N4O), which was obtained from yeast nuclein by Kossel 
(III.) in 1879. Two years later he prepared 10 grams of this 
base direct from pressed yeast by a method (VII.) of his own, 
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which he afterwards improved (IX.), and showed (VIII.) that the 
same is also obtainable from nucleins of different (animal) origin. 
In the meantime he isolated (III.) from yeast nuclein a second 
base, xanthin (C5H4N4O2), to which he added a third, namely 
guanin (O5H5N5O) in 1882 (IX.). The occurrence of the last- 
named in yeast has also been placed beyond doubt by S. Schindleb 
(I.). These three allies of uric acid (OgHgN^Og) had already 
been long known to chemists, though not as constituents of 
nucleins. On the other hand, the four additional bases men- 
tioned below were all new, and were obtained for the first time 
from the nucleins. Adenin (O^H^N^) was isolated by Kossel 
(XI.) in 1885, first from the nuclein of ox pancreas and aftei'wards 
from pressed yeast. This substance stands in the same relation 
towards hypoxanthin as guanin does to xanthin, not only as far 
as chemical composition is concerned, but also in respect of 
behaviour during putrefaction caused by certain bacteria, which, 
according to the researches of S. Schindleb (I.), degrade guanin 
to xanthin, and adenin to hypoxanthin. According to A. 
Baqinsky (IV.), the last-named offers the greater resistance to 
the influences in question. In 1893 another new base, namely 
thymin, was brought to our knowledge by A. Kossel and A. 
Neumann (I.). It was first obtained from the nucleic acid 
isolated from the thymoid gland of the calf, which acid received 
the name of adenylic acid on account of its capacity for furnishing 
adenin. The thymin molecule (which has the formula 05HgN202) 
may be regarded as methyl -dioxy-pyrimidin, in conformity 
wilii the views of H. Steudel (I.), or as 5-methyl-uracyl, in 
sympathy with those of E. Fischer and G. Rcedeb (I.), who 
were the first to prepare it by synthetic means. The hypothesis 
raised by Kossel and Neumann (II.) that thymin is also pre- 
sent in the molecular complex of the nucleic acid of yeast, 
lias not been confirmed, though, according to A. Ascoli (III.), 
the parent substance of thymin, namely uracyl (O^H^NgOg) 
is found therein. It may also be remarked by the way 
that the fourth of the new nuclein bases, cytosin, has so far 
only been found as a constituent of nucleic acids of animal 
origin. In the crystalline state this substance has the formula 

^21^30^16^4- 5H2O. 

Apart from the last-named, which has not yet been suffi- 
oiently investigated, the nuclein bases mentioned may be 
<;lassified into two groups in accordance with their constitu- 
tion. Adenin, xanthin, hypoxanthin, and guanin are derived 
from the atomic complex to which Emil Fischeb (I.) gave the 
name Purin : — 
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N = C . H 

I I 
H.C C— N.H 

II II \p H 



Purin. 



H. N— C :.0 

I I 
C:0 C— N.H 

H.N— C— N/^-" 

Xanthin. 

C8H4N4O2. 

2-6-dioxy-purin. 

H. N-C : O 



NH2.C C— N.H 



II II 



N_C— N/ 
Guanin. CeHeNsO. 
2-amino-6-oxy - 
purin. 



C.H 



H. N— C : O 

I I 

H.C C— N.H 

II II \p „ 
N— C— N/^--^ 
Hypozanthin. 

C5H4N4O. 
6-monoxy-purin. 

N = C . NH2 

I I 
H.C C— NH 

II II \c H 

Adenin. CjHbNj. 
6-amino-purin. 



They accordingly belong to the large group of purin bases. 
On the other hand, Thymin and Ascoli's yeast nuclein base are 
of more simple construction : — 



H. N— C :0 

I 
C.H 



I I 



H 



: C 

I II 
H. N— C.H 

Ascoli's base. C4H4N2O2. 

Uracyl. 



O 
H 



N— C:0 

I I 
C C 

I II 
N-C 

Thymin. C5H6Na02. 
5-methyl-uracyl. 



CH, 



H 



Of these, thymin seems the most widely diffused, since only 
three nucleins not containing this base are known, one of them 
being yeast nucleic acid. The second is^e above-mentioned 
guanylic acid, which, according to I. Bang (I.), furnishes guanin 
alone (and of this about 35 per cent, by weight). The third is 
inosinic acid, which was discovered by Liebig in meat juice, and 
which, according to the experiments made by F. Hasier in 
1895, probably contains hypoxanthin solely. 

The percentage content of xanthin, guanin, hypoxanthin, 
and adenin (of course in the combined condition specified) in 
yeast, was first ascertained by S. Sghindler (I.) by the aid of his 
quantitative method of separation, and was found to be 0.024, 
0.029, 0.093, and 0.043 gram respectively per 100 grams of pressed 
yeast, the character of which was not more accurately defined. 
These values should not be considered as more than merely 
approximate, the reliability of analytical methods having been 
proved doubtful by 0. Wulp (L). 
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To the reader the situation of nuclein in cell nuclei generally, 
and in those of the yeast cell in particular, will not appear to 
have been clearly defined in the foregoing lines. This view is 
correct. By macrochemical means it is impossible to arrive at 
more than a hypothesis possessing a certain probability, it being 
found that cells or agglomerations of cells, containing either a 
large number of nuclei or nuclei of considerable size, yield a 
higher proportion of nuclein than such as contain only a few 
nuclei or those of small dimensions. This was the conclusion 
formed by Miescher, who succeeded in separating the cell nuclei 
from the pus cells on which his exhaustive experiments were 
performed. By similar comparative methods, A. Kossel (I.) 
came to the conclusion that nuclein, instead of being a reserve 
material, plays an active part wherever new cells are in course 
of formation and nuclear reproduction is consequently in pro- 
gress, i.e, in all phenomena of germination. Thus the formation 
of nuclei and nuclein proceeds simultaneously. This opinion 
was also shared by H. A. Landwehr (L). The sole method of 
obtaining reliable information with regard to the situation of 
the nuclein within the cell is by microchemical examination. 
With this object use can be made of the high resistance offered 
by the nucleins towards pepsin. For example, E. Zaghakias (I.) 
detected the presence of nuclein in the nuclei of pressed yeast 
cells by the aid of so-called artificial gastric juice (a solution of 
pepsin in 0.2 per cent, hydrochloric acid). The staining methods, 
however, are capable of more extensive application. 

The various individual chemical constituents of the cell ex- 
hibit divergent absorptive affinities for different dyestuffs. It is 
known that from a mixture of red, blue, or green dyestuffs one 
cell constituent will absorb chiefly or entirely the first-named, 
i.e. erythrophil, whereas another constituent will prefer the blue 
(or green), and is therefore termed cyanophil. This preference, 
however, in each cdSe is determined, not by the shade of colour, 
but by the chemical constitution (or reaction) of the dyestuff, on 
the one hand, and by that of the cell constituents with which it 
is brought into contact, on the other. A cell constituent is 
therefore said to be acidopliil when, from a mixture of acid and 
basic dyestuffs, it absorbs the former and becomes stained there- 
with ; in the converse case it is termed basophil. Chemical 
affinity is almost the sole factor influencing the occurrence or non- 
occurrence of staining, so that, in presence of a mixture of an acid 
red dyestuff and a basic blue dyestuff, a given basophil cell consti- 
tuent will behave as a cyanophil, but, in presence of a mixture 
of a basic red and an acid blue dyestuff, as an erythrophil. An 
instance of this kind is afforded by the nucleic acid of yeast, 
which is strongly basophil, and, according to observations made 
by H. Malfatti (L), E. Zacharias (II.), and L. Lilibnfeld 
(L), is stained (blue or green) by a mixture of Acid Fuchsine 
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and Methyl Blue (or Methyl Green), but red by a mixture 
of Safranine and Pale Green. Such behaviour having been 
macrochemically observed with the known dyestuffs, the same 
can also be employed microchemically for examining the cell for 
the presence of one or another chemical substance occurring 
in local accumulations therein. In any event, care is necessary 
in the preliminary treatment of the preparation, since in many 
cases ^is has a decisive influence on the results. For more 
detailed information on this point the reader is referred to the 
monograph by A. Zimmebmakn (II.). In so far as these micro- 
chemical reactions enable a reliable decision to be formed, it has 
been shown in this manner that the nucleus of the yeast cell is 
rich in nuclein, and that the latter is probably not present in 
the cytoplasm. Now, as already shown in § 250, the nucleus 
consists of the reticulated framework, the sap (or juice), the 
membrane, and the nucleoli. The first-named, in turn, is com- 
posed of the reticulated matter known as linin, which is difficult 
to stain, and of the globules situated at the intersections of the 
network, these globules consisting of a substance which is 
readily penetrated by dyestuffs, and which has therefore received 
the name chromatin (§35). The nuclein is located in this 
chromatin, whereas the filaments of linin and the nucleoli con* 
tain, in addition to albumin, a substance termed plastin, which 
differs appreciably from, although closely allied to^ the nucleins. 

The question as to the amount and nature of the other 
nitrogenous substances associated with the nucleoproteids in 
the nucleus of the yeast cell, cannot at present be satisfactorily 
decided, the reports on this matter being few in number and 
not reliable. The same applies to the ni^ogenous constituents 
of the cytoplasm (§ 219), the scanty communications referring 
to which will be dealt with in § 255. 

The composition of the yeast water prepared in the manner 
described in § 82 will be briefly considered here from the 
standpoint of the reports mentioned in the foregoing para- 
graphs. Even mere boiling in water is sufficient to break up 
the yeast nuclein, with formation of nuclein bases and free 
phosphoric acid, which therefore occur as constituents of yeast 
water. The appearance of phosphoric acid in decoctions of 
yeast had already been observed by A. B^champ (VII.), who 
found, in 1865, that 100 grams of dry yeast lost, on extraction, 
2.8 to 3 grams of phosphoric acid, part of which was in the 
free state. This was confirmed by A. Kossel (III.). He also 
found that this liberation proceeds rapidly at first, but later on 
very slowly. With regard to the extraction of nitrogenous sub- 
stances (xanthin, guanin, sarcin, carnin, leucin, and tyrosin) 
from yeast cells by the water in which they have been boiled, 
certain experiments were made in 1874 by P. Schuetzenberger 
(I.), who, by repeatedly extracting yeast with boiling water 
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until exhausted, found that, of the 2.78 grams of nitrogen 
present in 100 grams of fresh yeast (containing 30 per cent, of 
dry matter), 075 gram could be extracted in this manner. In 
distilling fermented distillery mash, a larger or smaller amount 
of the nuclein of the contained yeast is similarly decomposed, 
so that the still residue contains relatively little nuclein, but a 
large amount of nuclein bases and free phosphoric acid. This 
fact must be kept in mind, not only when the distillery residue 
(from potato and grain distilleries) is used as fodder, but also 
when the same is used as a yeast food (in the manufacture of 
pressed yeast) and is added in a certain proportion to the mash^ 
a method which is found by experience to result in an increased 
yield and greater security in working. 

A certain practical value, for the foodstuff chemist, attaches 
to the reports on the decomposition products of yeast nuclein, 
in cases where it is a question of determining the purity of a 
given meat extract and detecting the presence of a suV>stitute 
prepared from yeast. The quantity of beer yeast annually 
produced in the great brewing countries has been approximately 
estimated by Feron at about 305,000 tons. Of this amount 
about 132,000 tons have hitherto been utilised, partly for pitch- 
ing in breweries and molasses distilleries, and partly as an 
adulterant of pressed yeast. This leaves still no less than 
173,000 tons unutilised ; and many brewers have attempted to 
find a means of putting this waste product to profitable use, 
instead of letting it run away into the drains or water-courses 
and thereby leading to constant complaints on the part of 
neighbours and local authorities. An endeavour has been made 
to convert this surplus beer yeast, which is rich in proteids and 
phosphoric acid, into preparations either capable of utilisation 
as a yeast food in the distillery (especially in molasses dis- 
tilleries) instead of the usual addition of grain, or else for 
human consumption as a substitute for meat extracts, or finally 
as a concentrated cattle food. With this object the yeast is 
either converted into extract, or is worked up in its entirety 
alone or with certain adjuncts. A number of processes have 
been devised for working up yeast into nutritive preparations ; 
and of these, mention may be made of the following for making 
yeast extracts, viz. those of E. Bauer (II.), Gillhausen, R. Wahl 
and M. Henius (I.), E. Kressel (I.), Peeterb (I.), J. Good- 
fellow (I.), T. Hill- Jones and E. Kressel (I.), E. Johnson 
(I.), C. O'SuLLivAN (I.), D. Watson (I.), A. Denayer (I.), and 
Lebbin (II.). In the method of G. Eichelbaum (I.), yeast is 
subjected to the action of species of Aspergillvs before lixivia- 
tion; and according to that of O. G. Overbeck (I.) to the 
influence of peptase from malt culms. The following methods 
deal with the yeast as a whole, without extraction: that of 
Wegener, which is concerned with the production of a coffee 
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substitute from yeast ; that of K. Kleinschmidt (I.), and that 
of SiebeL According to the latter, a pulp which he calls yeast 
sugar and which has the appearance and consistence of con- 
densed milk, is prepared by grinding pressed and de-bittered 
beer yeast with sugar and starch. The preparation of concen- 
trated fodder is the object of the methods of J. Steickel (I.) 
and 0. Brucker, as well as of the English Patent No. 20,060 
of 1893. The purpose of several of the methods first-named 
above is the recovery of a yeast extract to serve as a substitute 
for meat extract ; and as a matter of fact some of the prepara- 
tions of this kind already sold are undistinguishable by the laity 
from real meat extract, so far as the smell, flavour, and external 
appearance are concerned. Such are, e.g. Bios, Eurostose and 
Oarnos, according to A. Eighenoruen (I.); and, according to 
Lebbin (II.), Ovos as well. An intelligent manufacturer should 
obviate all chance of such confusion by giving his yeast pre- 
paration a special and indubitable title, e.g. Vegetable Peptone. 
This, however, is not always the case, and it would appear that 
a fraudulent intention is not invariably absent. The foregoing 
explanations may perhaps divert into a new channel the method 
of testing adopted by foodstuff chemists for the detection of 
this yeast extract. By means of the reagents employed in the 
manufacturing process, and partly also as a result of auto- 
fermentation, the nucleins of the yeast suffer a more or less 
extensive degradation, nuclein bases being liberated. Of the 
latter, adenin and guanin are found in yeast, and consequently 
occur in comparatively large amount in the yeast extract. On 
the other hand, as has been shown by A. Kossel (X. and XI.), 
true meat extract contains little or none of these substances, 
and is thereby distinguishable from such substitutes. The 
provision of accurate and reliable data in this respect is reserved 
for future research in the wide field of the chemistry of the 
yeast cell. 

§ 253.-017608:611 and Fat. 

One of the chief phenomena in the metabolism of higher 
animals is the formation of sugar in the liver. The substance 
of which this sugar consists was first observed by Claude 
Bernard (I.) in 1855, and recognised two years later, under 
the name " mati^re glycogene," as a carbohydrate similar to 
vegetable starch (amylum), dissolving in water to furnish a 
peculiar opalescent liquid, precipitable by strong alcohol, and 
giving a brownish-red stain with iodine solution (iodine 2 grams, 
potassium iodide 6 grams, and water 120). The occurrence of 
such a colour reaction had been observed four years earlier by 
R. L. TuLASNE (I.) in the young asci of truffles, and a few years 
later (II.) on those of Erysvphe Aceris De Candolle^ a species of 
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the mildew group of fungi. Tulasne seems not to have re- 
collected the observation of his medical colleague, since other- 
wise he would hardly have contented himself with the briefly 
expressed hypothesis that a species of albumin with a special 
affinity for iodine was in question. The next worker in this 
field, namely A. de Bary (TV.) in 1863, enlarged our insight 
into the botanical side of the question by the important dis- 
covery that the substance referred to does not appear uniformly 
distributed throughout the plasma, but is confined to one 
portion thereof, which he proposed to call the epiplasma. At 
the same time he expressed the opinion that the substance in 
question was a carbohydrate. Five years later W. Kuehne (la.) 
reported the occurrence of the " matiere glycogene," or glycogen, 
in Aefhalium septicum. This discovery, however, did not afford 
any certain proof of the appearance of glycogen in fungi, the last- 
named organism belonging to the Mycetozoa (§ 23), and there- 
fore merely a connecting link between the fungi and the lower 
animals. Up to that time no definite proof had been adduced 
of the existence of glycogen in vegetable cells (those of fungi 
in particular), and therefore the term "animal starch," applied 
to this substance, was still in general use. 

It was not until 1882 that L. Errera (II.), working in 
A. de Bary's laboratory, showed the principal constituent of 
fungoid epiplasm to be a carbohydrate, agreeing with animal 
glycogen in all the properties examined by microchemical means. 
He also demonstrated its wide distribution, not only in the 
(first examined) class of Ascomycetes, but also in the Basidiomy- 
cetes and the Mticoracece (III. and TV.). His discoveries were 
confirmed by several other workers, e.g. by Krafkoff (I.) and 
afterwards by E. Laurent (YL), who found this carbohydrate 
also in Oidium lactis, in the conidia of Cladosporiwn herbarum, 
and in various rose yeasts. 

Of all fungi the yeasts seem to have been the most accurately 
examined with regard to their content of glycogen, and wherein 
the metabolic importance of this carbohydrate has been most 
clearly recognised. Even for this reason alone, the present 
appears the most suitable occasion for dealing with this con- 
stituent of the fungi. Its microchemical detection presents no 
difficulties, there being no other known cell constituent that 
gives a similar deep brown-red coloration in presence of iodine 
and is therefore capable of being mistaken for glycogen. Even 
a beginner would not confound the relatively pale yellow fur- 
nished, under the same treatment, by the albuminous cell 
constituents, with the full brown-red given by glycogen. 
Should, however, any uncertainty prevail it may be dissipated 
by utilising the observation first made by Errera (II.), to the 
effect that if the preparation be carefully warmed to 60** to 70° C. 
after the addition of the iodine, the pale yellow due to albumin 
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will remain, whilst the red-brown will vanish — to reappear in 
its original intensity on cooling. If the cells of the treated 
preparation be ruptured by applying pressure to the cover 
glass, a rapid examination under the microscope will show that 
the browned constituents quickly dissolve in the surrounding 
fluid on escaping from the cells, the residual portion exhibiting 
the customary yellow coloration furnished by albuminoids on 
treatment with iodine. If present in any considerable amount, 
the glycogen becomes visible to the microscopist by virtue of its 
optical properties, even in unstained preparations. In such 
event it is seen in the cells as a semi-fluid, whitish opalescent 
mass of strong refractive power. Sometimes it takes up a 
position in such portions of the cell contents as are nearest the 
walls ; but in others, as recorded by Errera (V.), it collects 
in one place and assumes the shape of a semilunar aggregation. 

The separation and recovery of fungoid glycogen by macro- 
chemical means was first successfully accomplished by Errera 
(II.), though the quantities obtained were insufficient for the 
requirements of an accurate macrochemical examination. This 
difficulty was first overcome by M. Cremer (III.) in 1894, who 
was then able to show that the glycogen of yeast is identical 
with that in the liver of animals, and that too, not merely in 
respect of the properties aforesaid, but also with reference to its 
resistance to the action of Fehling^s solution and its behaviour 
on hydrolysis by dilute hydrochloric acid (as also by diastase, 
saliva, and the pancreatic enzyme), dextrose being produced. 
E. Salkowski's report (IV.) that yeast glycogen and liver glycogen 
differ, inasmuch as the former is partly converted into cellulose 
on being heated to 130** 0. along with a little water, was not 
confirmed by Cremer (III). At all events, the optic^d rotatory 
power of yeast glycogen was found to be lower (an= + 198.9**) 
than that of animal glycogen, for which the values in the literature 
differ and are in part considerably higher (up to 235°). 

For comprehensive researches into the chemistry of this 
carbohydrate we are indebted to a pupil of Errera's, namely 
G. Clautriau (I.), to whose work the interested reader is referred, 
especially as regards the choice of the best method of isolating 
glycogen from the different species of fungi. Glycogen is 
amorphous, and therefore cannot be prepared in the pure state 
by the crystallisation process, but contains an admixture — ^larger 
or smaller in accordance with the origin and care bestowed on 
the manufacture — of other organic and inorganic cell con- 
stituents. This possibility should be kept in mind when mention 
is made of small discrepancies, similar to those found in animal 
glycogen by earlier workers, and also by Clautriau in comparing 
yeast glycogen with that obtained from other fungi. Thus the 
angle of rotation found by this worker, in the case of yeast 
glycogen, was 184.5", whereas in that from Amanita mvscaria 
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it was 196.2**. The same applies to the temperature at which 
the iodine staining disappears ; in the case of glycogen from yeast 
a temperature of 7 2° to 73° 0. is required, whilst in that from other 
fungi (such as Boletiis edulis, &c.), decoloration occurs at 58° to 60" 0. 
There is always the possibility of having to reckon with the 
existence of several isomeric glycogens, in regard to which see 
an observation by R. Braun (I.). 

The quantitative determination of the glycogen content by 
the Kuelz method — which, as modified by E. Pflueger (II.), fur- 
nishes reliable results — is a very troublesome task. Clautriau 
worked out a colorimetric method, the chief features of which 
consist in dissolving out the glycogen from a weighed (dry) 
sample, by repeated extraction with alkaline water, then con- 
verting the same into its brown iodine compound, and finally 
estimating the amount by comparing the colour with that 
obtained by applying the same treatment to a glycogen solution 
of known strength. In this manner he obtained the following 
figures, referred to dry residue : 20 per cent, of glycogen in a 
sample of Boletus edulis ; 14 per cent, in a sample of Amanita 
muscaria, and 31 per cent, in a sample of yeast. This last 
figure agrees with that obtained several years earlier in a different 
manner by E. Laurent (VIII. ), who found that the richest of 
several yeast samples contained about 32.6 per cent, of 
glycogen. 

On the instigation of L. Errera (VII.), Laurent also en- 
deavoured to investigate the conditions favouring the enrich- 
ment of yeast cells in glycogen, and found that, for this purpose, 
the method of culture on wort gelatin is particularly useful. 
The following substances were recognised as glycogen formers : 
lactic acid, succinic acid^ malic acid, asparagin, glutamine, egg 
albumin, peptone, mannite, glucose, laevulose, saccharose, and 
maltose. According to M. Crbmbr (I.), these must be supple- 
mented by c?-galactose and (i-mannose ; but, on the other hand, 
he found arabinose, rhamnose, sorbose, as well as lactose and 
glycerin, to be unsuitable ; though a contrary opinion with 
regard to the two last was expressed by E. Laurent. E. Katser 
and E. Boullanger (I.) then investigated the influence of other 
conditions, e.g. the presence of air, and the percentage content, of 
tartaric acid, malic acid, or citric acid, on the inception and 
progress of glycogen eniichment. In twenty-eight stocks of 
wine yeast examined with this object, Richard Meissner (III.) 
found that glycogen makes its appearance, even in the young 
buds, when the latter have attained about one-fifth the diameter 
of the parent-cell. A notable observation, and one worthy of 
further investigation, was made by M. Cremer (VL), namely, 
that the glycogen reaction occurred in about twelve hours in a 
glycogen-free pressed yeast juice that had been treated with 
10 per cent, or more of fermentable sugar (dextrose) and kept at 
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the ordinary temperature. Possibly therefore we must assume 
the presence of a synthetic enzyme in the cell contents. 

In view of the amorphous nature of this carbohydrate, some 
surprise will be manifested at Laurent^s report that the yeast 
cells are capable of absorbing and accumulating the glycogen 
present in a nutrient solution. And in fact this assumption 
was contradicted both by M. Cremeb (I.) and by A. Koch and 
H. Hos-fius (I.). The last-named observers found in the case of a 
pressed yeast, a bottom-fermentation beer yeast, and the so- 
called Frohberg yeast, that the glycogen added to the nutrient 
solution (wort or meat extract solution, with or without an 
addition of grape sugar), whether obtained from calves' liver, 
rabbits' liver, or pressed yeast, not only remained unutilised, so 
far as could be ascertained, but also retarded the cell reproduc- 
tion and fermentative power, so that the yeast crop and the 
percentage of alcohol in the treated samples were smaller than 
in those left without addition of glycogen. They failed to detect 
alcohol in the sugar-free cultures ; and concluded that yeast is 
incapable of secreting a hydrolytic enzyme by means of which 
the glycogen in the nutrient solution could be converted into 
fermentable sugar. General application cannot be accorded to 
this deduction, since M. Cremer (IY.) noted hydrolysis of 
glycogen on keeping yeast in chloroform water, and found that 
dextrose was thereby formed. The contrary assumption, by 
E. Salkowski (II.), of the formation of Isevo-rotatory sugar, is not 
altogether free from objection, as the latter himself (VII.) 
admitted. Since the conversion of the accumulated glycogen 
within the cell is probably connected with such an enzyme, a 
strong presumption exists in favour of the occurrence of a similar 
enzyme, produced by the plasma. This probability has been 
brought to almost a certainty by the discovery of Buchner and 
Rapp (II.) that glycogen can be fermented by expressed yeast 
juice. The presence of a similar enzyme may also be assumed in 
other fungi that store up glycogen, and consequently will have to 
be reckoned with in the separation of this carbohydrate, especially 
when a quantitative determination of the same is in question. It 
may be remarked in passing, that, as was first shown by A. Koch 
and H. Hos^us (I.), the faculty of hydrolysing glycogen is also 
possessed by various species of bacteria. This at the same time 
explains Salkowski's (II.) discovery, previously reported by 
Schuetzenberoer and Destrem (I.), as also the results obtained 
by N. VON Chudiakow (I.), and urged by him against the assump- 
tion that autofermentation occurs in yeast. 

Glycogen has been rightly termed a reserve material. In 
times of superfluity of nutrient materials the glycogen is stored 
up in the cell for the purpose of consumption in case of need, 
either for maintaining the vitality of the individual in an 
environment destitute of the necessary foodstuff, or for the 
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construction of new individuals and feeding them until such 
time as they are able to cater for themselves. This latter event 
takes place for instance when a sclerotium germinates. In the 
case of Coprinvs niveus and Claviceps pui'purea, L. Ebrera (VI.) 
accurately traced the gradual migration of the glycogen from 
the cells of these hard mycelia into the pileated fungi developed 
therefrom. He also observed the same in the germination of 
various fungus spores, e,g, those of Miccoracece, This migration 
of glycogen is the counterpart of the well-known movement 
of starch in higher plants, especially dm-ing the germination 
of their seeds. With regard to this worker's report on the 
formation of glycogen from the oil in the cells, further observa- 
tions are desirable. 

The degradation of glycogen for the generation of energy 
may either remain only half accomplished, as we shall see in 
greater detail in a subsequent paragraph dealing with the auto- 
fermentation of yeast, or may proceed until the whole is com- 
pletely consumed into carbon dioxide and water. So far as is 
known, this condition is reached in the case of yeast cells, when 
the access of air is unrestricted. Cells of wine yeast that have 
fallen to the ground, keep alive, thanks mainly to their store of 
glycogen. It does not always happen, however, that the cells 
are able to use up this store, since they sometimes perish before 
the same is exhausted. According to the observations of H. 
Will (X.), dead permanent cells rich in glycogen can always 
be found in the sedimental yeast of old cultures in wort or 
(liquefied) wort gelatin. Finally it may be remarked that the 
commencement of the working up of accumulated glycogen 
does not always coincide with the occurrence of a lack of the 
necessary foodstuffs outside the cell, but seems to be bound up 
with other circumstances, the age of the cells in particular ; 
so that the glycogen content of a sample of yeast may decline, 
although sugar is still present in the nutrient solution. In this 
connection observations have been made by N. Jodlbaueb (I.) 
in the course of some researches which will be referred to in a 
later section ; and these were confirmed by Gontscharuk, whose 
results have been reported by R. Meissneb (III.). 

The importance of fats for the life of the yeast cell is equal 
to that of glycogen ; they also are valuable reserve material. 
Their presence in wine sediment was observed by Braconnot. 
The percentage of fat varies with the momentary conditions of 
nutrition of the cells. Payen (II.) fixed it at 2.1 per cent, of 
the dry residue in the case of beer yeast ; but, by the aid of 
a better method, ensuring complete extraction, N^geli and 
Loew (II.) succeeded in separating about 5 per cent, of fat 
from a bottom-fermentation beer yeast. According to the 
researches of P. Dabexy (L), alone, and in collaboration with 
E. Gj^babd (I.), the chief constituents of yeast fat are stearic 
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acid and palmitic acid (in almost equal amounts), along with a 
small quantity of butyric acid, part of the acid being in the 
free state and part combined with glycerin. The chief seat 
of the fat is in the granules, whose albuminous membrane 
prevents lixiviating fluids gaining access to the enclosed fat. 
Consequently, as remarked by Nasgeli and Loew, a simple 
treatment with ether is ineffectual. Still less likely to effect 
extraction is the small amount of alcohol present in wine ; and, 
in fact, as shown by Mueller-Thurgau (XVIII.), wine does not 
contain more than about o. i gram of fat per litre. In a case ob- 
served by H. Will (VIII.) in 1898, drops of fat were found in 
both dead and living cells and spores of a ten years old culture 
of Sacch, Ladioigli in beer wort, their colour being reddish- 
yellow, so that the culture gradually became of a brick-red 
shade. 

A substance closely allied to the fats, namely lecithin, which 
is the cholin ester of palmito-stearo-glycerophosphoric acid, and 
is therefore constituted in accordance with the formula : — 

(CisHsiCOO) (C17HS5COO) : CsHs - O - PO.OH - C - CH2.CH2N(CHs)30H 
Palmitic Stearic Glycerin. Phosphoric Cholin. 

acid. acid. acid. 

was first discovered in yeast by Hoppe-Seyler (IV.) in 1866. 
It was afterwards prepared by him (V.), to the extent of 0.25 
gram from 81 grams of air-dry pressed yeast, in the course of 
rebutting a contrary opinion launched by O. Loew (VIII.) and 
NiEGBLi and Loew (II.). 

The first discovery of cholesterin in fungi was made in 1867, 
by O. KoHLRAuscH (I.), in a species of Morel ; and soon after- 
wards it was found by Hoppe-Seyler (IV ) in yeast. Later on, 
this same worker (V.) recovered 0.44 gram of this monovalent 
alcohol (CggH^g.OH) from 81 grams of air-dry pressed yeast. 
The name cholesterin, which was originally bestowed on a 
single substance of animal origin, afterwards became enlarged 
to a collective term, in consequence of the discovery of several 
isomeric and homologous cholesterins, which, though agreeing 
with the first cholesterin (from gall, &c.) in their chief pro- 
perties, yet behaved differently in several reactions. Thus, 
Hesse isolated from peas the cholesterin to which he gave 
the name phytosterin ; Reinke and Rodewald another (para- 
cholesterin) from Aethalium sepHcum; 0. Tanret (IV.) a 
third (ergosterin), from ergot of rye. According to the re- 
searches of E. Gerard (III.-V.), these latter are identical with 
all the cholesterins hitherto isolated from yeast, as also from 
Mucor mucedo, Penicillium glaucum, Staphylococcus cdbtis, and 
indeed from Cryptogams generally. 
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§ 254.— Mucinous Substances of the Carbohydrate 
Group. The Gelatinous Network. 

Under the name yeast gum, several workers have isolated 
macinous caxbohydrates from yeast. Though some of these 
products have not been closely examined, they have been so far 
characterised that we may assume the above name to be nothing 
more than a collective term. They all behave in the same 
manner towards Fehling's solution, a circumstance of some 
value in connection with their preparation and isolation, since 
all are precipitated by this reagent, as a blue, lumpy copper 
compound, from neutral or faintly alkaline solutions. 

On leaving yeast to undergo autofermentation (see a later 
paragraph) in water, J. B]£champ (VIII.) in 1874, discovered in 
the liquid (which was protected from invasion by putrefactive 
organisms) a gummy and optically active substance, the rotatory 
power of which he ascertained to be +59-61"; This sub- 
stance first received closer attention at the hands of N^geli 
and LoEW (II.) in 1878, who prepared the yeast gum (or 
fungoid mucin as they called it) by extracting yeast with boiling 
water, freeing the extract from phosphoric acid and peptone 
with lead acetate, removing the excess of lead with sulphuretted 
hydrogen, and precipitating the gum with hot alcohol. Re- 
peated solution in water and reprecipitationwith alcohol furnished 
a white powder, which exhibited a relationship with dextran in 
many respects, e,g, in being precipitable by alkaline copper 
solution, though its rotatory power was much less, namely 
+ 78°. The formula 3(CgHjQ05) + 2H2O was deduced from the 
results of ultimate analysis. This gum was gradually converted 
into glucose by the action of acids ; was stained brown-red by 
iodine; and therefore — as Errera (II.) surmised with good 
reason — also contained glycogen. 

Wegner (I.) classed as dextran thegiun he obtained in 1890 
from yeast by the Scheibler method described in § 160. In the 
dry state this is a white amorphous neutral powder, which is in- 
soluble in alcohol, and swells up in water to an opalescent 
liquid, the rotatory power of which, referred to about i per 
cent, strength, was found to approximate to aD= +285.7°. 

A gum (Isevulan), differing from the foregoing carbohydrates, 
was obtained by E. Salkowski (II.) in 1889 by precipitating 
with Fehling's solution a yeast extract, prepared with water 
containing chloroform for the purpose of preventing putre- 
faction. 

Whilst the undeniable divergences in the results obtained 
by the above-mentioned workers compel the assumption that 
different kinds of gum are present in different samples of yeast, 
the results of Fritz Hessenland's (I.) experiments permit the 
further conclusion that several kinds of glutinous carbohydrates 
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may be simultaneously present in one and the same yeast, 
whether of the top- or bottom-fermentation variety. This 
worker boiled yeast over a naked flame three times in succession 
for six hours each, in water containing a small addition of lime, 
then precipitated with ammonium oxalate the lime from the 
filtered extract, filtered and concentrated the solution, faintly 
acidified it with hydrochloric acid, and treated it with an equa] 
volume of 96 per cent, alcohol. The resulting precipitate 
of brown gum was decolorised by washing with alcohol, and 
was found to exhibit a percentage composition corresponding 
to the formula CgHj^Og. The gum from top - fermentation 
yeast had the rotatory power aD = + 283.7°, that of the pro- 
duct from bottom - fermentation yeast being + 287.6*. The 
precipitate thrown down from the aqueous solution by Fehling's 
solution had the composition 2(C,.H,q05).CuO.H20. This gum 
furnishes on hydrolysis, not one sugar only but two, namely, a 
little glucose and a large quantity of (^mannose; it therefore 
chiefly (but not exclusively) consists of mannan, the percentage 
of which, referred to the dry residue of the yeast, amounts to 
6-7 per cent. 

E. Salkowski (Y.) classed as in the main identical with 
this mannan the yeast gum which he obtained in 1894 by 
boiling pressed yeast for half-an-hour with a tenfold volume of 
3 per cent, caustic potash. This treatment brought into solution 
the whole of the cell contents, including the gum. When cold 
this extract was syphoned off from the residue (of so-called 
yeast cellulose), treated with 15 per cent, (vol.) Fehling's re- 
agent, well mixed and heated. The blue copper compound of 
the gum separated out in lumps, which were immediately 
taken out, rinsed with a little water, triturated in a basin with 
a few drops of hydrochloric acid, and thus converted into a 
cloudy liquid, from which the gum could be thrown down by a 
three- to four- fold volume of 96 per cent, alcohol. Repeated 
solution and re-precipitation finally gave a white, ash-free mass, 
which was dried with alcohol and ether, and then amounted to 
about 7 per cent, by weight of the dry residue of the yeast. 
The results of the ultimate analysis corresponded to the formula 
^i2-^22^ii' ^^ contradistinction to the yeast gum obtained by 
Naegeli and Loew, this product dissolved readily in water to a 
filterable, but very glutinous liquid. The sugar furnished by 
the hydrolysis of this gum seems to have been regarded by 
Salkowski as (/-mannose. 

Nsegeli and Loew thought themselves justified in assuming 
their yeast gum to be a conversion product of the yeast cell 
membrane, because they found that fresh quantities of this gum 
could be obtained from beer yeast by repeated boilings in water, 
the total amount (including the so-called cellulose) being about 
3 7 per cent, of the dry yeast. It was then found by E. Sal- 
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KOWSKi (V.) that the residue left after lixiviating yeast with 
dilute caustic potash yielded no further gum on prolonged 
boiling ; thus proving that, with a more powerful solvent than 
mere water, the whole of the yeast gum can be extracted at one 
operation. This, however, does not solve the problem with 
regard to the location of this mucinous substance; nor at 
present is any reliable information available as to the seat of 
the pentosans, which were detected, to the extent of 2 to 5 
per cent, (referred to the dry residue) in both top- and bottom- 
fermentation yeast, by Hessexland (I.), with the furfural 
method. 

ScHUETZEXBERGSK (I.) found in yeast extract a gum, which 
proved convertible, by hydrolysis, into a reducing sugar. The 
conclusion that this carbohydrate is an arabin is opposed by the 
further report that the same was converted, by boiling nitric acid, 
into a mixture of oxalic and mucic acids. From this behaviour 
it is probable that he had to do with a galactane. At all events 
the amount of carbon found, namely 42.7 per cent., does not 
correspond with the formula CgHj^Og. 

R. Meissneb (II.) has described a number of budding fungi^ 
which, when sown in wine must, convert the same into an 
oleaginous ropy liquid, by the aid of a mucinous substance, the 
composition and method of formation of which are still un- 
known. Whereas until very recently the ropiness of beer and 
wine has been attributed almost exclusively to bacterial activity 
(§ 164), this worker succeeded in showing that this malady can 
also be induced by budding fungL He subjected nine such 
species to accurate examination, several of them having been 
isolated by himself from ropy wines and the mucinous exudation 
from plane trees, whilst the remainder were isolated by J» 
Wortmann as pure cultures from the flora of old bottled wines. 
They are incapable of ascosporulation or of producing alcohol^ 
and therefore do not belong to the family of true Saccharomycetes. 
In a later paragraph mention will be made of the circumstances 
under which they become a source of danger. 

The gummy substances referred to in the foregoing lines 
make their appearance in quantity more particularly when the 
fermentative activity of the cells has drawn to a close. In this 
event, whether as a result of the swelling of the invariably 
mucinous outer layer of the membrane, or of an excretion from 
the interior, the mucinous envelopes developed by the individual 
cells coalesce to a sort of honeycomb in which the cells appear 
embedded. These formations were first observed by E. Ch. 
Hansen (X.), who gave them the name "gelatinous network." 
They were found in the so-called yeast ring and in the films 
(§ 246) on old cultures of Saccharomycetes and a few other 
budding fungi, grown in nutrient solutions. They are also not 
infrequent in the inoculation streaks that have been drawn on 
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gypsum blocks for the purposes of spore analysis (§ 247) ; and a 
similar gel&titious network is t^ten observable in yeast samples 
(about the size of a pea) that have been taken by the brewer 
and dried between blotting-paper in order to be conveniently 
sent by post to a laboratory for examination. Their detection 
is facilitated by the aid of staining, either with Methyl Violet, 
which stains the cells only (Fig. 167), or by the so-called capsule 
staining method (% 33) described by Hansen (XVI.). The latter 
method stains only the mucinous network, and thus renders the 
latter visible in cases where it could not be detected in the un- 
stained preparation. It sometimes happens that, during the 
preliminary treatment of the sample of dried cells to be stained, 




oriffinai draj^ngt) 



the cells themselves got washed out of the network, thus leaving 
the latter isolated and empty. Fragments of evacuated net- 
work are not infrequently observed (Fig. 158). Nevertheless, it 
should not be assumed, without further inquiry, that every 
formation with this appearance is a residue of this kind ; but 
one must bear in mind the observation made by H. Will (VII.) 
to the effect that the glutin bodies present in sedimental yeast 
frequently exhibit, when dried, an appearance resembling frag- 
ments of the network in question. In such cases, decisive 
information is afforded by an addition of acetic acid to the 
preparation, this acid dissolving only the remains of the glutin 
bodies. Will has also shown that several different kinds of 
reticulation, and substances composing same, are found in the 
films and yeast ring of wort cultures of beer yeast. This 
matter will be reverted to in the next paragraph. 
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The addition of a large quantity of water to the yeast 
dissolves the network. Nevertheless, as Hansen has shown, it 
forms anew, unless the treatment be repeated sufficiently often 
and prolonged. According to H. Will (VII.), however, it is 
permanently removed when the washing is repeated ten times 
in twenty-four hours. Now, since the percentage of the con- 
stituents forming the network in beer yeast (and also pressed 
yeast) influences the compressibility of the mass, it follows that 
this property may under certain circumstances be impaired by 
the method pursued for washing the yeast (§255). On the 
other hand, it|becomes indispensable, to remove these mucinous 
constituents from the yeast when the latter has to be subjected 
to a quantitative macrochemical analysis for the purpose of 
ascertaining the composition of the corpus of the cell. This 
purification might be effected by the washing process, were it 




Fig. T58.— Fragments of Gelatinous Network. 
From a beer yeast Unstained. Magn. zooo. {After Hansen' 9 original drawing.) 

not that the treatment so far modifies the cells themselves as to 
make the results of the analysis, under certain circumstances, 
not worth the trouble expended thereon. 

In this case also, practical use may be made of the general 
property of the vegetable gums for thickening to a jelly in 
presence of borax solution, and thus separating from the liquid. 
On the basis of an observation by Dumas (III.), H. Will (I.) 
found that a thick barm of beer yeast, when treated with a 5 per 
cent, solution of borax, immediately agglomerates into pure 
white lumps, which quickly subside and unite into large solid 
masses that fairly crackle when spread out on plates of gypsum. 
This behaviour is advantageously utilised in the production of 
pure-culture yeast on a practical scale. The thick barm of yeast 
from the fermenting cylinder of the pure yeast apparatus is 
treated with a similar solution of borax, when destined to be 
sent out in a pressed state. This treatment not only accelerates 
the deposition of the yeast and considerably facilitates pressing, 
but also greatly ameliorates the colour of the yeast, and there- 
fore improves its appearace, without impairing the fermentative 
power to any appreciable extent. It would therefore seem that 
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the precipitated mucinous matter carries down the yeast cells^ 
but not the brown hop resins, &c. 

The foregoing explanations may also prove useful in practical 
analytical chemistry, namely in cases where the percentage of 
sugar in wine and similar liquids is to be determined with the 
aid of Fehling's solution. In such event it should be re- 
membered that this reagent also precipitates the gummy sub- 
stances present, the resulting precipitate of cuprous oxide also 
including the precipitated copper compound of the gum; con- 
sequently too large an amount of copper is weighed, and the 
quantity of sugar calculated therefrom will be far in excess 
of the truth. This applies more especially to the so-called 
yeast wine, which is an inferior wine obtained by pressing the 
sediment (the so-called wine yeast) from the wine casks. This 
sediment is very rich in gum, and therefore (as was shown by 
K. Amthob (III.)), should not be eicamined for its sugar content, 
by the aid of Fehling's solution, without bearing this in mind. 
With the said yeast wine, in this respect, must be classed the fruit 
wines (mostly very rich in mucinous matter) and such grape wines 
as have been racked from the yeast very late, and have therefore 
absorbed large quantities of gum from the latter during the 
protracted period of contact therewith. It may also be men- 
tioned that certain gummy substances find their way from the 
grapes into the wine must, and that experiments have been 
made by G. Nivi^re and A. Hubert (I.) with regard to the 
gum recoverable from wine. Gummy substances are also found 
in malt, having been isolated therefrom by C. J. Lintner (IV.). 
It may occasionally happen that such a gum, when not 
eliminated during mashing and boiling, renders the beer 
dichroic, instances of which kind have been reported hy 
H. Will (XI.). 

§ 255.— Albuminoid Mucinous Substances. ''Head" 

and Frothy Fermentation. 

The network enveloping the yeast cells is not invariably 
composed of the carbohydrate gums described in the preceding 
paragraphs. Careful investigations performed by H. Will, 
(VII.) have shown that, in the case of a considerable number 
of stocks of beer yeast, the enveloping, agglomerating network 
is constructed of a material that gives all the reactions of 
alboinin. This albuminous matter is more abundant in the- 
uppej* layer of the sedimental yeast found in the fermenting 
tun at the close of primary fermentation, but is less plentiful in 
the lower or core yeast ; and it differs from the other albuminous 
admixtures present therein, not only in its lack of definite form, 
but also in point of origin. From the fact that it is also encoun- 
tered in cultures grown in nutrient solutions free from albumin^ 
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one may conclude that it is elaborated by the yeast cells them- 
selves. Of course the further question must be left undecided 
whether, in nutrient solutions that already contain albumin, 
the amount is increased by some portions of this latter sub- 
stance. 

Beer yeast (sedimental yeast) when well shaken up with 
ether (i:i), takes up a certain quantity of the same, the amount 
depending on the percentage of this albumin and the aforesaid 
mucinous substances present. Yeast from the upper layer 
takes up two to three parts by volume of ether, but core yeast 
only about one part, the mucinous substances forming bubbles 
charged with ether. In these laboratory experiments the ether 
plays the same part as carbon dioxide does in practical fermen- 
tation in the vat ; and as the mucinous substances do not 
remain in the sedimental yeast, but are in part ceded to the 
supernatant liquid, they are able, in the above-described manner, 
to effect a firmer retention of the carbon dioxide than can be 
done by mere physical solution. Consequently, under certain 
circumstances, they may considerably augment the so-called 
permanent absorptive capacity for carbon dioxide on the part of 
the beer. 

The fact that- a soluble albuminoid takes part in the forma- 
tion of the " head " or scum thrown up by fermenting wort 
was first suspected by Habich, and then proved, by isolation, by 
C. LiNTNEB, sen., and Eeischaueb in 1876. This froth glutin 
(Krauesenglutin) is said to originate in the wort or the malt. 
By means of comparative fermentation experiments with dif- 
ferent beer yeasts, it was then established by Alb. Reichabd 
(III.) that, in addition to this malt albuminoid, the presence of 
certain mucinous excretions (especially those of an albuminoid 
character) from the yeast is essential to the formation of a 
normal " head " composed of fine bubbles. The condition of these 
formative materials in the head at different stages of fermenta- 
tion has not yet been more closely investigated. 

In the case of a liquid absolutely devoid of viscosity and 
free from mucinous constituents, the bubbles of carbon dioxide 
liberated in the interior would immediately unite to large ones 
and make their escape without delay as soon as they arrived 
at the surface. By means of these mucinous substances, 
however, each bubble of gas is surrounded by a tough envelope 
at the instant of liberation, and thereby prevented from be- 
coming merged into others. These bubbles collect on the 
surface of the liquid, stick together, and thus form by degrees 
the fine, permanent " head " so desired by the brewer and the 
pressed-yeast maker. The ascending bubbles also carry to the 
surface other constituents of the fermenting wort, and incor- 
porate them with the structure of the head, chief among these 
being yeast cells (see below), then fragments of tissue from the 



i82 CHEMISTRY OF THE YEAST CELL. 

mashed materials, and finally (in the case of hopped wort), 
glutin substances and globules of hop resin, to which latter 
the disagreeable bitter flavour of the head is due. A permanent 
head of the kind is peculiar to beer, and is not produced in the 
fermentation of unhopped wort or on wine must ; and one must 
therefore conclude that the presence of hop constituents is 
indispensable to the structure of a normal h^id on beer. The 
accuracy of this conclusion has been rendered more probable 
by the results furnished by the experiments of E. Ehrigh (L). 

The thickness of the head thrown up by the activity of yeast 
in wort, mash and wine must, is dependent — other conditions 
being equal — on the available supply of the materials, by means 
of which the initially naked gas bubbles are converted into 
mucinous bubbles charged with gas. However, the amount of 
these substances produced by different stocks of yeast, stands 
in no definite relation to their fermentative activity, i.e. the 
amount of carbon dioxide liberated in unit time. Hence it 
will occasionally happen, in comparative fermentation experi- 
ments, that a relatively high loss in weight {i,e. liberation of 
carbon dioxide) is noticed in specimens which, from their 
appearance during fermentation, would seem to have fallen 
behind considerably. Thus, for instance, in- a set of experi- 
ments conducted by Muelleb-Thubgau (IV.) with 25 stocks 
of fruit and wine yeasts, the one (a Waedensweil cider yeast) 
that liberated the largest amount of gas fermented its nutrient 
substratum without the slightest formation of head. So far, 
no close attention has been devoted to the capacity of the wine 
yeasts for depositing albuminoid mucinous substances, though, 
in addition to the above named, other observations have been 
recorded indicating the existence of this capacity. Thus, for 
example, the well-known loss of colour in red wines when treated 
with white-wine yeasts, seems attributable to the action of 
similar albuminoids. In contrast to the red-wine yeasts, which 
are already saturated with colouring matter, the albuminoid 
mucinous constituents of white- wine yeasts are still in a position 
to take up tinctorial substances. The case is analogous to that 
of browned wines when treated with yeast, this procedure, 
according to Nessleb (III.), affording a remedy for the malady 
in question. The combining and precipitating power of these 
albuminoid excretions of yeast is probably the cause of the 
phenomenon — ^well known in practice, and recommended for 
utilisation by H» Muelleb-Thubgau (III). — that a wine 
rendered turbid by bacteria can be cured by pitching with a 
small quantity of must in active fermentation. This must is 
very rich in yeast cells, Muelleb-Thubgau (V.) having de- 
tected about 3 milliards per litre. P. Lindner (XVI.) has 
reported a similar instance of the cure of a sarcina-ropy white 
beer by adding yeast and rousing. 
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The chief practical difference between top fermentation and 
bottom fermentation is due to the aforesaid relation between 
the yeast cells and the mucinous substances, either produced in 
the nutrient medium or excreted by the cells themselves. A 
typical example of top-fermentation yeast in its fullest de- 
velopment is afforded by the stocks forming the chief component 
of unadulterated pressed yeast. The main features in the 
preparation of this article by the old or Viennese method are 
as follow : About three to four hours after the wort has been 
pitched with yeast — a so-called " ai'tificial " yeast (§ 148) of 
suitable quality — the mash begins to work. The scum of husks 
and grains that has accumulated on the surface in the mean- 
time, is now penetrated by an ascending white head, the 
development and growth of which, during the next twelve 
hours, presents a picture of ebullient motion of considerable 
briskness. Under ordinary circumstances the head at the end 
of this time will have attained a thickness of twelve to fifteen 
inches, whilst the gravity of the wort will have decreased to about 
half its initial value. This head forms the vehicle containing 
the major part of the yeast crop reproduced from the pitching 
yeast. The bubbles are still transparent. Whereas, during 
the next three to four hours, the head does not increase in 
thickness to any great extent, the young cells therein begin to 
grow ; this stage is termed the ripening of the head. The 
bubbles begin to turn cloudy, and finally reveal the presence 
of large yeast colonies which, to the unassisted eye, appear as 
white spots. The reproduction of the cells is now ended ; the 
vat is ripe, to use a practical term ; and the gravity of the wort 
has fallen to about one-third the original strength. The head 
is next skimmed off by means of suitable skimmers, and is 
transferred to a sifter in order to separate the coarser adherent 
particles of the grains, the elimination of the finer undesirable 
admixtures being effected by the subsequent washing, to which 
reference will be made in the paragraphs dealing with the 
autodigestion of yeast. For the present we will merely utter 
a warning against a one-sided judgment and imperfect apprecia- 
tion of the importance of the mucinous excretions in connection 
with facilitating the ascent of the yeast in the fermentation 
vats during the manufacture of pressed yeast, by calling atten- 
tion to the influence exercised by the viscosity and chemical 
constitution of the mash on the working of the yeast, and 
therefore on the yeast crop. More detailed information on this 
matter will be found in the volume on pressed-yeast manufac- 
ture, issued by 0. Duest (I.). 

The so-called riotous or bladdery fermentation of beer yeast 
may be left out of consideration here. The structural materials 
for the large, tough bladders forming the head in this case are 
not supplied by the yeast but from the sludge— as was shown 
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by the researches of A. Reichard (III.)- One of the physio- 
logical causes determining the appearance of this undesirable 
phenomenon will be found mentioned in § 258. 

Furthermore, only a few words can here be devoted to the 
so-called frothy fermentation which occurs in spirit distilleries, 
because the causes of this phenomenon have not yet been 
sufiSciently investigated to furnish results that could be dealt 
with in itke limits of the present work, or permit any reli- 
able conclusions to be drawn. Nevertheless, all the observa- 
tions on this point recorded in practice may be mentioned as 
affording noteworthy hints for the more accurate examination 
of the matter by fermentation physiologists. Special attention 
may be drawn to the observations recorded by M. Delbruegk 
(I.). In the normal course of fermentation in potato distilleries, 
the upper layers of head formed on the surface of the mash 
disappear in proportion as fresh portions are thrown up from 
below; whereas, when frothy fermentation occurs, the upper 
bubbles do not burst, but the thickness of the head goes on 
increasing, until the entire contents of the vat seem to be in a 
state of ebullition, and thick masses of froth overflow the top 
of the vessel. This is a direct source of loss, the more so in 
countries where the excise regulations prohibit the recovery of 
the overflow. In many cases the evil may be either entirely 
remedied, or reduced to a minimum, by pouring a little oil into 
the contents of the vat as soon as frotiiy fermentation becomes 
manifest. Yeasts of high fermentative power are especially 
liable to this evil, e.g. the so-called Race II. already mentioned 
(page 112); though in other respects this is a very useful yeast. 
A few observations on this point have been communicated by 
M. Bu£CHSi«ER (I.), and further information thereon is con- 
tained in M. M.£RCKEr's handbook on the manufacture of spirits 
(I.). Undoubtedly the occurrence of frothy fermentation is 
determined by special physiological conditions, based on the 
method of nutrition of the yeast : for example — according to 
R. KussEROW (I.) — the simultaneous presence of large amounts 
of amides and peptones in the nutrient substratum. This has 
been borne in mind in arranging a modification of the mashing 
process in cases where there is a possibility of this frothy 
fermentation being set up. According to the method proposed 
by Hesse, a distillery manager, of Wutzig — as reported by M. 
Delbrueck (II.) — only one-half of the malt requisite for the 
saccharification process is introduced into the warm mash, the 
remainder being added after cooling and the introduction of the 
pitching yeast. The results of this treatment are reported by 
G. Heinzelmann (I.) to be satisfactory, almost without ex- 
ception. In pressed yeast works it also occasionally happens 
that riotous fermentation is set up in the vats. With regard 
to the incorrectly named frothy fermentation occasionally met 
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with in the masse cuite and after-products of sugar works with- 
out any recognisable cause, and which is regarded by some 
technicists as a purely chemical process of decomposition, some 
information will be found in a communication by O. Laxa (I.). 

The fact, of which mention has already been made, that 
certain albuminoid constituents are extracted from yeast cells 
by ethyl ether, has been utilised in practice by H. Buchner 
and M. Gbuber (I.), who manufacture nutrient preparations 
therefrom by a patented process. 



§256.— •* Break" and Clarification in Beer and Wine. 

In the formation of head on fermenting liquids the aforesaid 
mucinous excretions from the yeast cell are associated to a 
greater or smaller extent, according to circumstances, with other 
mucinous bodies already initially present in the nutrient sub- 
stratum. Their dependence on such assistance is diminished by 
the inception of the phenomenon known as " break " in brewing 
and wine-making. 

In proportion as the liberation of carbon dioxide gradually 
decreases towards the end of fermentation, there ensues a 
diminution of the force by means of which the yeast cells float- 
ing in the fermenting liquid have so far been kept in motion. 
Consequently the attraction of gravitation can now make its 
influence on the cells, which have a higher specific gravity 
than the young beer or new wine. The resulting subsidence of 
the cells is, however, opposed by two forces, namely, the vis- 
cosity of the liquid and the friction between the liquid and the 
individual cells. These forces suffer diminution when several 
cells adhere to form a small ball, since, whilst the weight of 
this agglomeration is equal to the sum of the weights of the 
individual component cells, the surface is considerably smaller 
than the total superficial area of the component parts. Hence, 
while the downward pressure of the weight remains the same 
as before, the surface of contact with the liquid, and therefore 
the amount of resistance, is less. Now the aforesaid gummy 
and albuminous mucinous matters favour, and indeed are in- 
dispensable to, this agglomeration of the cells. When they 
have accomplished this task and united the cells into colonies 
that are visible to the unassisted eye, the condition known to 
the brewer as "break" is attained. This condition, which 
gradually arises towards the end of primary fermentation, 
forms, in conjunction with the gravity of the wort, the most 
important factor for determining the ripeness of young beer, 
and on this account is carefully observed by the brewer. When 
the process has gone so far that the initially cloudy wort shows 
up clear in the sampling-glass, with the yeast collected together 
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into amall, gravelly lumps, the brewer is in a position to order 
the beer to be racked into the storage cask, and thus separated 
ircfsn the sedimental yeast. According as the racking is effected 
at an earlier or later period, so a larger or smaller niunber of 
yeast cells will be carried over into the storage cask ; and the 
beer is said to be racked green or bright respectively. The 
latter condition is the more desirable, the exact gradation, how- 
ever, varying according to circumstances. 

The progress of clarification in lager-beer, that is to say, its 
self -purification from the yeast cells, is shown in the following 
figures, which were determined in 1896 by F. ScHCsa^ELD (I.) 
in Berlin lager-beer, by means of the yeast counter (§ 83). 



One CaMc Millimetre of Teast Cells. 

Freshly pitched wort contained .... 14,600 
Tonng beer previoos to racking contained 
Young beer, racked somewhat green „ 
Tonng beer, racked bright 
Lager-beer, ready for drinking 



»9 



54,000 

2,000 

500 

0.1 to 10 



Thus, at the end of the primary fermentation, the number 
of yeast cells carried over into the storage cask amounts to 
5 per cent, when the " break " is fairly good, and to i per 
cent, when the same is very good. Similar results were obtained 
for North American lager-beer ia 1889 *^y ^- Wahl (L). In 
order to facilitate the deposition of these yeast cells in the 
storage cask, it is the custom to place in the cask a number of 
shavings or strips, either of hazel wood or sheet aluminium. 
This has been reported on by H. Will (XVIII.). On this 
foundation the cells adhere &inly, and the microscopical ex- 
amination of such strips from the empty storage cask shows that 
the cells are, as it were, glued on to the strips by the mucinous 
substances already referred to. Imperfectly clarified beer is 
said to suffer from yeast turbidity or haze, and should not be 
offered for sale, since, even when the yeast is in small amount, 
it is often the cause of gastric catarrh, diarrhoea, and indeed 
slight toxic symptoms, iQ the consumer. The actual and 
proximate causes of this action are stdll undetermined. The 
literature of this matter will be found collected in a useful 
work by N. P. Simanowsky (I.) and in a communication by R. 
ScHWANHAUESEB (I.), a few experiments on the same point 
having also been undertaken by J. Neuhayrb (I.). With regard 
to the clarification of cloudy beer by filtration, reference may 
be made to § 75 in Vol. i The proposal made by Otto Beinke. 
(I.) in 1896, to facilitate the clarification of beer by the aid of 
light, can hardly be recommended, since, as already shown by 
W, ScHULTZE (I.) in 1888, the agreeable flavour of the beer 
rapidly disappears under such treatment. 
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The commencement and development of " break '* form the 
chief criterion whereby the small brewer is able to pass judgment 
on new stocks of y^st, piu'chased from outside sources and in 
use for the first time. This circumstance, it may be remarked 
in passing, forms the chief reason for the difficulty experienced 
in introducing pure-culture yeast into the smaller breweries, it 
being a peculiar feature of many stocks of pure-culture bottom- 
fermentation yeast that, on their first introduction into the 
brewery, they exhibit little or no " break " until they have been 
pitched on two or even three successive batches of wort. Now, 
it is easy to understand that, in presence of this difficulty, the 
brewer, being already suspicious of the value of the innovation, 
should decide to revert to the " good old stock yeast " to which he is 
accustomed, oblivious for the moment of the many disappoint- 
ments the latter has already caused him. The causes of imper- 
fect " break " are manifold, and, in part, still undetermined ; 
for instance, an insufficiency of lime (§258) in the wort, too low a 
fermenting temperature, or imperfect rousing during the cultiva- 
tion in wort. On the other l;iand, some stocks of yeast exhibit a 
defective " break ** under all conditions, and furnish a thin 
sedimental yeast instead of a firm deposit in the tun. Despite 
the greater care involved in working with yeasts of this type, 
they are still employed, especially when they exhibit other 
valuable qualities and furnish, for example, a beer characterised 
by great stability and therefore suitable for export. Such a 
yeast is met with in the Oarlsberg bottom yeast No. i, by 
means of which E. Oh. Hansen first introduced his pure-culture 
method into the fermentation industry. On the other hand, 
for the production of quick-running ales, it will be found 
economically advantageous to make use of a yeast that clarifies 
rapidly. 

Yeasts exhibiting coarse " break " and good clarification are 
still more important in the preparation of champagne than for 
brewing, since in the former case imperfect clarification cannot 
be remedied by the use of strips or by filtration. Presupposing 
a knowledge of the rudiments of champagne-making, it may be 
recalled that the wine for this piu'pose is treated with sugar, 
and is subjected whilst in bottle to a secondary fermentation in 
order to produce the requisite amount of carbon dioxide. In the 
old process the fermentation of this sugar was left to the few 
cells usually present in the wine; the results, however, fre- 
quently failed to come up to the expectations formed in this 
respect. The defect can be remedied by adding a sufficient 
quantity of a pure-culture yeast to the sugared wine (cuv^e), 
which yeast must of course be specially selected for the end in 
view. Thus, it must not only possess a high power of resistance 
towards the presence of a large amount of alcohol in the nutrient 
substratum, and to f, high gas pressure, but also have the pro- 
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perty of settling down in granular aggregations when fermenta- 
tion is completed, so that the whole of the yeast separates 
completely when the bottle is degorged. Now, many of the 
yeasts present in the wine itself are incapable of fulfilling this 
last requirement, and for this reason waste has hitherto been 
inevitable. The yeast refuses to '' shake on to the cork " in a 
satisfactory manner, i.e, it cannot be induced to rest in position 
above the cork by the usual process of carefully tapping and 
turning the inverted bottles, but adheres in patches on the walls 
and cannot be dislodged : thus making the champagne of inferior 
value, or even quite unsaleable. However, thanks to the en- 
deavours of H. Mueller-Thurgau (IV. and V.) and J. Wort- 
MANN (V.), champagne manufacturers are now able to obtain 
pure yeasts which will shake on to the cork properly, and collect 
as a gravelly deposit without adhering to the sides of the bottle. 
The removal of the yeast is therefore attended with far less 
waste of liquor than was formerly the case ; and the same may 
also be reduced to a minimum by means of the process patented 
in Germany (No. 60,351) by Walfard. In this metiiod the 
granular deposit of yeast is congealed by immersing the corked 
bottles in a refrigerating mixture at a temperature of about 
- 20° C. ; on the bottle being then set upright, the yeast and 
cork (which has contracted under the influence of the cold) are 
easily expelled together by the immediately augmented pressure 
of the carbon dioxide. 

The highest demands on the coherence of the yeast colonies 
are made on the stocks used for the purposes of the sparkling 
fermentation introduced into practice by H. Mublleb-Thurgau 
(V.). In order to increase the stimulative effect on the con- 
sumer's palate, it has become more and more the custom of latd 
years to make thinner grape and fruit wines, poorer in flavour- 
ing extractive substances but rich in carbon dioxide or 
'^ sparkling." This enables one to dispense with the artificial 
enrichment with carbon dioxide (carbonation) already extensively 
practised (according to Nessler (III.)) in the Moselle district, 
sparkling fermentation being a more efficient substitute therefor. 
The clear or clarified wine, which has either been poor in gas 
from the outset or has become flat through repeated rackings, 
is treated with an addition of 300 to 500 grams of saccharose 
per hectolitre, and the whole is then pitched with a pure yeast 
that remains at the bottom throughout the entire period of gas 
formation, which soon begins. Contrary to what happens during 
fermentation in champagne bottles, the fermenting liquid retains 
its brilliance undiminished all the time, and when finally matured 
and sparkling can be readily and effectually separated from the 
settled ferments. Reihlen, of Stuttgart, many years previously 
arrived at the same result by different means, namely, by the 
use of what he termed " fettered " yeast, prepared by impreg- 
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nating fibrous material {e,g, wood pulp) with must and sowing 
it with yeast. When development was complete, he washed 
off the superficial shells and introduced the "fermentation 
fibre " (richly interspersed internally with fettered cells of 
yeast) into the wine cask, where it carried out the desired 
secondary fermentation without affecting the brightness of 
the liquid. 
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iS 0HARLM8 QRIFFIN S OO.'S PUBLIOJTIOKB, 

Thi&d Edition, Rtvisid, with an Additional Chapter ^n FoimdatUm. 
Numsrous Diagrams ^ Exampks^ and TabUs, Larg€ Sfv. Cloth, i6f. 

THE DESIGN OF STRUCTURES: 

on tli« BuUdlnjT of 



By S. ANGLIN, C.E., 

of Kfia— ring, Royml UaiTenity of Ireland, Imte WhitwtMrth Sefaolur, Ac. 



' SCudMta of Enfineeriag will find Uiu Text-Book imtaluablb."— ^rcAt^^- 
"Tbc autkor has octtaialy •ucceodod in productnc a thoiu>ugiii.y pkactical Text- 



"Wo MB mihttif tiiiglf rMoaunend thic work not only to the Student, as Ike vst&t 
1tecT>B«NC on tibe nilvact, Imt abo to tke piofoMJonal eagUMor as an WKCxmvmmx 
VA1.VABLB bo^ of r«fiM«nca."— J/iMfUMrfcw/ WtrUL 



Third Edition, Thoroughly Revised, Rcyai 8tw. With numorom 
IlkutratioHs and 13 Litho^ra$>hic Plates, ffamdsomt Cloth, Prut 30J. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION 

Mn( a Text-Book on the Gonitnietioii of Biidfeiia 

Iron i&d Steel 

FOR THE USE OF STUDENTS, DRAUaHTSMEN, AND ENBINEERS. 
By T. CLAXTON FIDLER, M. Inst. CK, 

PmC of Ingknnring. Uniironity CoMeffo, DnndMv 



General Contents. — Part I. — Elementary Statics. Part II. — 
General Principles of Bridge-Construction. Part III. — The Strength of 
Materials. Part IV. — The Design of Bridges in Detail. 

" The n«w edition of Mr. Fidler's work will Again occui>y the same oon- 
■PIOUOU8 fosition among professional text-books and treatises as has been 
aocorded to its predecessors. The instruction im];)arted is sound, sihpls, 
AND FULL. The Yolnine will be found valuable and useful alike to those who 
may wish to study only the theoretical principles enunciated, and . . . 
to others whose object and business is . . . practical.*' — The Engineer, 

UNDON : 0HARLE8 GRIFFIN a CO.. LIMITED EXETER 8TREEL STRANDi 



MXOINMMBIN0 AND MM0HJNW8. sy 

At Pkbss. In Large 8vo. Handsome Cloth. With Gopions Plates 

and lUnstratione. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSON CUNNINGHAM, B.E., Assoc. M.Inst.C.R, 

Of the Engineers* Department, Mersey Docks and Harbour BoarcL 



GENERAL CONTENTS. 

Historical and Discursive. — Dock Design. — Constructive Appliances. — 
Materials. — Dock and Quay Walls. — Entrance Passages and Locks. — 
Jetties, Wharves, and Piers. — Dock Gates and Caissons. — Transit Shedi 
and Warehouses. — Dock Bridges. — Graving and Repairing Docks. — 
Working Equipment of Docks. — Index. 

%* The object of the Author has been to deal fully and comprehensively with the 
problems arising out of the construction and maintenance of Docks and their appanages, 
not simply as a record of works carried out, but as a treatise on the principles under- 
lying their construction and an investigation of the mathematical theories involved. 
It is primarily intended for the student ; but it is hoped that the large amount of data 
and material collected from various sources, and in many cases contributed specially 
for this book, will render it useful to the expert engineer as a work of reference ; while, 
at the same time, of general interest to directors and others connected with the man- 
agement and administration of seaports. 



Third Edition. In Two Parti, Published Separatelj. 

A TEXTBOOK OF 

Engineering Draving and Design 

ToL. I. — Pkaotical Geombtet, Plane, and Solid. Ss. 

ToL. II. — Machine and Engine Drawing and Design. 48. 6d. 

BT 

SIDNEY H. WELLS, Wh.Sc, 

▲.M.mST.CB., A.M.I1IBV.M1GH.I., 

Priii«ipal ^f tk« Battanoa Polyte«hni« InsMtat*, and Haad of the BnginMriBf DepartniABk 

fehwvin ; fonnerly of the Enginoorinr Deparkmonts of tho Torkahiro GoIieKo, 

Loods : and Buiwioh Collece, London. 

With many IUu$trations, »peciaUy prepared for the Work, and munereut 
Examples, for ilu Use of Students in Technical Schools and Colleges, 

" A QkxnkL VBXT-BOOK, arran«od on an bxciluvt stbvbm. ealcalated to gi^e an ink«Ulg«il 

Kp of the mltf Mfe, aad nol tho more faeul^ of mMhanieal oopyinc. . . . Mr. WoUa shofwi 
to mako eoMPLBn woaxiira-DaAWivaa, atMOMdnc fUlj oaeh atop in tho daslffa."— J~ 



"The flrrt book leads basilt and jtatvealit towards tho sMond. where the teehaieal yopU 
teoQffhi into eontael with larye and more eoraplez designB."— HU MwetaMMfer. 

LONDON : CHARLES SRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 



?8 OHARLBS QRIFFIN df CO.'S PUBLICATIONS, 

Worki by BRYAN DONKIN, M.Iiist.C.E., M.In8t.Meeh.E., te 

Third Edition, Revised and Enlarged. With additional 
Illustrations. Large 8vo, Handsome Cloth. 25s. 

QA8, OIL, AND AIR ENGINES: 

A Praetieal Text - Book on Internal Combustion Moton 

without Boiler. 

By BRYAN DONKIN. M.Inst.C.E., M.Inst.Mech.E. 

Gbhbral CoNTBNTt.— Uas Bd vill«f ;— G«o«ral Description— Hiatoiy mud Deretep- 
mmmt — Brtliih, French, tad Gemuui Gai Engine*— Gas Production for Motive Power — 
Tlieory of the Oes Engine — Chemical Composition of Gae in Gas Enginee ' Utilisation vf 
Heat Krplosion and Combustioa. Oil HOtOPI :— Histonr and DeTelopment— VaxlMM 
Types— Pnestman's and other Oil Engines. Hot-AlP BnsuiM :— Hiacafjr and Devetep- 
MBt— Various Tjpes: Stirling's, SrioMKm'i, kc, kc 

" rha BB8T SOCK MOW PUBLitHso OB Gaa, Oil, and Air Engines. . . . Will be d 
WWMV OKBAT nfTBKBST to the uumerous practical eanneers who have to make themselvas 
AunUiar with the motor of the day. . . . Mr. Doaktn has the advantage of homm 
rBACTicAL nrpKKiBiiai, combined whh miom scibmtivic and nrpcaiMSKTAL knowlbdob, 
and an accurate perceptfam of the reauiraBMals of Eanneers." — TA4 Engineer. 

"We HBABTILY BBCOMH^ND Mr. DosUn's woric. ... A moBumeat of cai«l«l 
ia^oor. . . . Luminous and comprehensive.'* — y0mmal0fGm* LighHng. 

" \ th«reugUy bbliablb and bxhaustivb 'TnmX\m.**—Eitgin4triK£. 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVE!). 

With many Tests and Experiments on different Types of 

Boilers, as to the Heating Value of Fuels, &e., with 

Analyses of Gajies and Amount of Eyaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

Qbnbkal Contents. — Classification of different Types of Boilers — 
405 Experiments on English and Foreign Boilers with their Heat Efficiencies 
shown in Fifty Tables — Fire Grates of Various Types — Mechanical Stokers- 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 
and their Temperature — Feed Water Heaters, Superheaters, Feed Pumpg, 
Ike. — Smoke and its Prevention — Instruments used in Testing Boilers — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

With Plates illustrating Progress made during recent years^ 
and the best Modem Practice. 

"▲ woBK 07 bkfjbbkmcb AT FBB8BXT uiviQUB. Will give an answer to almost aof 
fBMitlon oonneeted with the performance of boilert that ft is possible to ask " — Mnaimmt. 

" Probablj the most KXHAusrrvic vtwni that has ever been collected. A PBAonoiA 
>ME by a thoronfhlj practical man."— /ron and Coml Tradu Renm. 

lONDON: CHARLES QRIFFIN A CO.. LIMITED, EXETER STREET. 8TRAH0. 



MNmyMBMOfO AlfD MKBAJflOt. ag 

Tw bUMI, Jfanwl «hI Mtitiirfd. P—ktt-aitt. Ltallur, VU. U.I diH ^AVT Mk jV' 
Oitai [Th, fflMk, lb. M 

Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 

A HAiniBOOK 01 Ruiac, Tokhul^ Tiblm, Jto., XU.1IIVZ to llAmtuL, 

SounuNoa, ahd Pkimuxb, S^nRr Taltk, Sfuhm, 

Frrmioe amd Mocwtdim, &a. 

TOR THE USB OP ENGINEERS, SURVEYORS, B0ILBK-MAEBB8, 

AND STEAM USERS. 

Bt T. W. TRAILL, M. Inbt. 0. K, F. K R. N., 

LbU ftittDtw Bnrrwcr-iii-OUif la tbt BHrd gf Trmila. 
\* T* THB SiCOHD AND THIKD fiSDITlOHl HINT NlW Tl8I,IS for P]ia8nITK% 

np lo 900 Lm. p«r Squabb Inch hk*e bMn kddsd. 

OhUIu u Buouioni QDUim oi liiomHiTioa umjiiHl Is * Tnr oanTmlsnt loTm. . . 
Aaon numToinm . , , nippljliitlufaRiiiUaiitolMCulsiiTliinalH.'— niJkviiuir. 



Tkird Imprenion, L«rga Crown 6to, With nnmerouB lUuBtrktions. 6l. 

ENGINE-ROOM PRACTICE: 

A Handbook for En^Eieen and Offleers io the Royal Navj 

and Hereantlle Marine, Including tbe Managremeat 

of the Main and Auzlllary Engines on 

Board Ship. 

Bt JOHN G. LIVEBSIDGE, 

■nctDHT. S.N., A.U.I. C.E., luitrucloi in AppUtd UHbula mt Uw Bor*I N*tU 

C^MHIt.— Gantnl DHoriptlaa ol '' -,li,' ' u.arj.—The CnDdllloni a' tiarTluuid 

(hiH« ol EDiliKBn ot Ita* Hoj"! Nut-  i ondlHons of gernpoor BnjinsMaot 

tta LHdinf B.S. CompulH.—BiillD, - ., ..i Lutiii of » SMamiaK Wa.Kh ou Knir^ 

■apkln at iaglper--^im i nHo" lii.I ixpiiri ul ''Tiak" Bollen,— T)in tjull muI la 
Fwlngi.— OlemlniHul P«lnllD« M*. iiiiwrj— B«lproc»tin(! Pninpi, Foil Be»Mir», «inl 

VH^iMflrT.— HTdnallo liitohuiK'j.— Air^JampraailnE PDokpa.— BflfriEVMillDa MitahlDBi. 
"—•••-HTY of DeiiroTtn.— n* ll(i^Lii:imnni of W&ior Tub* Bollin - aeiulitlaai lor 
AiriitADt BnrtDHn, B.N.-Qu-vtiDn. gi.nn In Enniintiloni" tnr PromoMoo « 
•. K.N.-ft«giil»lloDi m.pmHbk BoitJ ofTr.do EiBmiMHoni Mr Eii(rinf^r", •» 



In Or*UM Svo, ttetra, with JTomeroiu tUvttrmtiom. ISltertly. 

GAS AND OIL ENGINES: 

An Introdnctoi; Tazt-Book on the Theory, Design, Conitrnction, 
and Testinf of Intnsal Combustion En^es wittiont Boiler. 

rOB THX nSB OF STTTDSNTB. 
Bt Pbof. W. H. WATKINSON, Whit. Sch.. M:.Inst.MiiohX, 

aiMC*w iDd Wait ol SootlMid iKlmlMl OoU(C(l 

UNDOII : OmilLES SRIFFIN t »., LIMITED, EXETEB STIIEET, STRAWl. 



JO GHARLMM QRIFFIN S CO.'S PUBLICATIONS 

Sbookd Bdition, R«viMd. With mmMroui PlatM rtdaotd tnm 
Working Drawing! and 280 Illiutrations in the Text. 2l8. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING! 

A Praetieal Text-Book for the Uie of Enffine Builders, 

Desifirners and Draughtsmen, Rulway 

Engineers, and Students. 

BT 

WILLIAM FRANK PETTIGREW, M.Inst.C.BL 

With a Beotion on American and Continental Bnginea. 

bt albert F. RAVENSHEAR, B.Sc., 

Of His MajMty'B Patent OffiM. 

Ofil«n/«. — HiHorical Introdmttioa. 176t-186t. — Mod»m LooomoMTM: Simple.-* 
Modem LoeomotiTM: Oompoond. Primarj Gonalderatton in LoeomoU've DengB.— 

aliB<Un, Steam Oheett, and ttafflng Bozea.— Pietone, PlBton Boda. OroRaheada, and 
de Bai-a.— Qanneotinc and OoapUnf Bods. — Wtieela aad Axlea, Axle Boxea, Hoimb'ocka, 




fa.— Tenders. - Bailway 
d Engine i:.lBoieBcj.— i 
•pain, BimninCf Inipeotlonf and Benewala.— ThTaa AppMdieea. 



mmpMon of Foal. J£Taporation and Engine i:.lBoieBcj.-^A.merioan I^comotfyaa.— Oon- 
Inenlal LooomotiTea.-~]te' 



'' LCkaij to remain for many yaara the BTAjmABD Wobk for thoie wlahiaf to U 
Seai,f'n.*— Ai0<fMer. 

'* A moat tntereating and Taloable addition to the bibliography of the LoeaaaallTa'*^ 
MmiltHm Q0MtU ffoBttU. 

" We raoommend the book as THoaocaxi.T rsAonoAi. in ita chavaoter, aad MBuraM a 
riMn TM AMT ooLLBGTKni of . . . works on LooomotiTo aagiBaeriac."— Sa^Jvoy Mmn, 

""Ae work ooMTAm axx that gaw u lkamt from a book upoo anoh a rabjeot. It 
will at oBoavank aa tkb nAVDASD wouc uroM tbis mrosTAxr ■uajaar.*'~JK«<hNifr J/oywitM. 



In Largg 8vo. Handtome Cloth. With Plates and llluOraHmia. 164. 

r^iOKT RjLiiLiiariLira 

AT HOME AND ABROAD. 
By WILLIAM HENRY OOLE, M.Inst.O.B., 

Late Dopaty>Managar, North-Weitem Railway, India. 

C7ofUent«.— DiflouMdon of tha Tarm "li^ht Railways. ''—Bngliah Railways, 
Rates, and Fanners. — light Railways in Balginm, France, Italr, other 
Bnropaan Oonntriaa, Amorica and the Colonies, India, Ireland. — ^Road IVans- 
iK>ri as an altematiTe.— The light Railways Act, 1806.— Hie Questian of 
Qapge. — Constmction and Working. — LocomotiYes and RoUiiu;-Siook. — light 
Railways in IBngland, Scotland, and Wales. — Appendices and Jjidex. 

'Mr. W. H. Oole has brooght together ... a xaaaa UfoinrT of yALUABLs nrvosiCA- 
sios . . . hitherto practically inaooessible to tiie ordinary TeaABr."—2YtiM«. 

*' Will remain, for some time yet a Staitdakd Wokk In everything relating to Light 
■allwua."— ii^'iMW. 

'* ihe anthor has extended practical experience that makes the book laoid and uMifnl. 
It is BxoaaDniaLT well done."— AipfrMerJn^. 

** The whole snbjeot is bxhaustitslt and pbaotioallt considered. The work oan be 
oordially reoommended as cmarairsABLS to those whose duty it is to beoome aoqnHiuu**! 
witb one of the prime necessities of the immediate fntaroi"— Aailisay O^Mai OM«iie 

"Thxbb GOULD BE NO BKTTBB BOOK of flrst reference on its snbieot. All olrfaaev of 
Engineers will welcome itn appearance." — Scotsman. 

CONDON : CHARLES ORIFFIN A CO.. LIMITED, EXETER STREP. STRAND^ 



MNOINMMBINQ AND MBOHANIOa. 31 

Third Edition, Revised and Enlarged. With Numer<yui 

Ill%t$1r(Ui<m$, Price 8s, 6d, 

VALVES AND VALVE-GEARIHG: 

INCLVDINQ TEE CORLISS VAL7M AND 

TRIP OBARS. 

CHARLES HURST, Practical Draughtsman. 

" CoMUi emlMiationa illnstrrted bj US tbrt cuak diacmiams and drawliiga and 4 foldin«- 
plfttefl . . . th« book fttlflk a taluablb fanctkm."— ^l Am cwim. 

" Mk. Hubsv's taltu and valyb^hauna will prove a verj Taluable aid« and tend to Um 
»rodiietk>n«fft)«iswoficiiinnviG BMioN and icoKOMicALWoKKisa. . . . Will be largvly 
MOffht after by Stadenti and Designers."— If aHw« IhngimMr. 

'* UnvuL and mosouaBLT pbaotical. Will nndoabtedly be found of «bkat talub to 
ftll eono«med irlth the design of ValTO-gearing/*— i/M^M»iea/ W^rld. 

" Almoat STSBT rtrm of yaltb and ita gearing is clearly set forth, and illnatrftted \m 
Mnh a way aa to be xbadilt cvDBBffrooD and pbaotioajllt appubd by either the F.wgtn— r, 
Dranghtamaii, or Student. . . . Should proTe both uibfdl and taluabls to all Engin— w 
Meking for bbuablb and olbab InformatloB on the snbject. Its moderate price brings it 
within the reaoh of alL" — Induttriu and Iron. 

" Mr. HcmsT's work is admibablt suited to the neods of the practical meohanie. . . . 
It Is froo from any elaborate theoretical dlsoossions^ and the explanations of the Tarioas 
types of Talve gear are accompanied by diagrams which render them xasilt ukdibsvood " 
•-TV Seimtifir Ameriean 



Hints on Steam Eng-lne Deslsm and Construction. By Chables 

HuBST, "Author of Valves and Valve GeariDg." In Paper Boardi, 

8to., Cloth Back. Illustrated. Prioe Is. 6d. net. 

CoNTBNTS.— I. Steam Pipes.— II. Valves.— III. Cylinders. — IV. Air Pumps and Con- 
densers.— V. Motion Work.— VI. Crank Shafts and Pedestals.— VIL Valve Gear.— VHI. 
Lubrication.— IX. Miscellaneous Details — Indss. 

'* A handy volume which every practical young engineer should posHees.**— 7^ Model 
Engineer. 



JUST OUT. Strongly Bound in Super Royal 8vo. Cloth Boards. 



For Calculating Wages on the Bonus or Premium Systems. 

For Engineering, Technicai and Allied Trades, 
By henry a. GOLDING, A.M.Inst.M.E., 

Technical Assistant to Messrs. Bryan Donkin and Clench, Ltd., and Assistant Lecturer 
in Mechanical Engineering at the Northampton Institute, London, E.C. 

*'The adoption of this system for the payment of workmen has created a demand for 
some handy table or series of tables, by means of which the wages may be easily found 
without the necessity of any calculations whatever. With the object of supplying this 
need, the author has compiled the following tables, which have been in practical use 
for some time past at a large engineering works in London, and have been found of 
inestimable value. Not only are they of great value as a Hime saving appliance,* the 
computation of the bonus or premiums earned by a number of men taking only one-tenth 
the time by the aid of these tables compared with ordinary calculation, but they possess the 
additional advantage of being less liable te error, as there is practically no possibility of a 
mistake occurring."— £a:<rac</rom Pre/ace. 

LONDON: CHARLES flRIFFIH A CO.. LIMITED. EXETER STREET, STRANft 



ft CHARLSM ORIFFIN S OO.'S PUBLWATIOMBi 

LMf* 8t«, HaodBome Clotli. With Illiistntiflns, TkUM, &«. 21b. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AlTD OH THB 

MATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
Bt LEONARD ABCHBUTT, F.LO., F.O.S., 

€h«BM to tiM IfidlMid Baflvmj Gompuj. 
AHD 

R. MOUNTFORD DEELEY, M.I.M.E., F.G.S., 

mdUiid Bai]w»7 LooomotiT* Works' Maiuger. Derbj. 

(/OHTKHTB.— L Friction of Solids.— IL liqnid Friction or YiBContf, and Fiutlc 
IHctlon.— IIL Snperficiftl Tenrion.— lY. Th« lliaory of Lnbrication.— Y. Labricants, 
their Sonroet, Pr«paration, and PropertiM.— VL PhTucal PrcroertiM and Methoda of 
luunlnation of Lnbricanta.— YIL Chemical Fropertias and Methods of Sxaminatios 
of LabricanU.^YIIL The STStematic Testing of LnbricanU by Fhysical and Chemical 
Methods.— tX. The Mechanical Testing of LnbricanU.— X. The Design and LnbrioaUoa 
of Bearings.— XL The Lubrication of Machinery.— Ihdix. 

" Destined to become a olabsio on the subject."— Jndiatrtes and Irvn. 
" Contains practically all that is khowh on the subject Deserres the careful 
attention of all Snglneers."- JZatftMnr Official 0ui4€. 



Fourth Editioh. V^ry fully lUustraied, Gloth, U, td, 

STEAM - BOILERS: 

THBIR DSFXOTS, MANAaSlOSirT, AKD OONBTRUOTIOll. 

By R D. MXJNRO, 

Chi^ Engineer 6f ths Seottitk BoiUr Insurance and Engine Inepectian C^mpmny. 

Gbnbral Contents.— I. Explosions caused (x) b3r Overheating of Plates— (s) By 
Defective and Overloaded Safety Yalves— (3) By Corrosion, Internal or External— V4) By^ 
Defective Desi^ and Construction (Unsupported Flue Tubes ; Unstrengthened Mannoles ; 
Defective Staymg ; Strength of Rivetted Joints ; Factor of Safety)— II. Constkuction or 
Vbxtical Boilbrs: Shells— Crown Plates and Uptake Tubes— Man-Holes, Mud-Holes, 
snd Fire-Holes — Fireboxes — Mountings — Management — Qeaning — Table of Bursting 
Pressures of Steel Boilers — Table of Kivetted Joints — Specifications and Drawings or 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; (i) aoo lbs. per square inchrespettively. 

" A valuable companion for workmen and engineers engaged about Steam Boilers, ougb* 
to be carefullv studied, and always at hand."— C#/^. Gu^trdian. 

" The book is ybby usbful, especially to steam users, artisans, and'youag Engirn 
Brngintei^. 



Bt THB SAME Author. 

KITCHEN BOILER EXPLOSIONS: Why 

thtj Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 

LONDON : CHARLES QRiFFiN & CO., LIMITED, EXETER STREET, STRAND. 



MNQIITBERIira AHD MBOHAJSflOB. li 

Just Out. In Crown Sva, Handsome Cloth, With Numerous 

Illustrations, ^s, net, 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Practice in General Tool Grinding, 

and the Design, Construction, and Application 

of the Machines Employed. 

BY 

R. B. HODGSON, A.M.Inst.Mech.E., 

Author of "Machines and Tools Employed in the Working of Sheet Metals." 

Introduction. — ^Tool Grinding. — Emery Wheels. — Mounting Emery Wheels. 
— Emery Rings and Cylinders. — Conditions to Ensure Efficient Working. — 
Leading Types of Machines. — Concave and Convex Grinding. — Cup and Cone 
Machines. — Multiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. — Ward Universal Cutter Grinder. — Press. — Tool Grinding. — Lathe 
Centre Grinder. — Polishing. — Index. 

** Deals practically with every phase of his subject." — Ironmonger. 



Fifth Edition. Folio, stxoiif ly half-bonnd, 2i/. 

TRA.VERSE TABLES: 

Computed to Four Places of Decimals for every Minute 
of Ans^e up to 100 of Distance. 

For the use of Surveyors and Ensrineers. 

BY 

RICHARD LLOYD GURDEN, 

Amthorised Surveyor for the GoYcmments of New South Wales aa^ 

Victoria. 

*^* PukHshsd with the Concurrence ef the Surveyors- General for New South 

Wales and Victoria. 

"ThMe who have cxMri«BC« u uaet SuftTXY-woftc will b«tt know k«w t« appreciate 
the momwumu aaiount of \ohonx riwrtaw i t e d by this Tilaable InmIc. The •omiwitatioM 
«mU« the «Mr tm aM«rtaia t^ mM and commm Cor a diahmoe of twelve milee t» wkhia 
\aii aa irndk, and due by mmwvaaMCM to but Onb Tablb. in place of tiM usual fifteen 
■iniite oaavulMlUna required. Tbis alime it evideBee of tlM assistaaee wUA the TaUei 
eBBure tm mmrj uaer, Md as envy SBwreyor in aetiTe pea rti e e has fek tke waBt of suck 



rBW KNOWING or TMBIB PUBLICATION WILL RBMAIN WITHOUT THBH.** 



LOMDON: CHARLES GRiFFiN & CO.. LIMITED. EXETER STREET. STRAIIO. 



34 OHARLMM QRIFFIN S 00:B FUBLlOATIOWik 

WORKS BT 

ANDREW JAMIESON, M.Inst.CE., M.I.E.E^ F.R-S^ 

F0rmtrfy Pr^(Ut0r ^ RUctriuU Emiit$* 49mg , The Glm^gwm mnd Wnt tf Sc»iUmm. 

'^ ' '€00090, 



PB0FE8S0B JAMDBSOM'S ADVAFCID TEZT-B00E8. 

In Largt Cmm 8m. I^^Oy JUuHrtUnL 

STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Uic of Studants pfcparini; for Comp«titiye FjraminarionK. 
Witk 600 pp., over joo lUiumtioni, 6 Fotdiog Platos, and nuncrow 
£zamiiiation Papors. Thirtbenth Editioh, RcTiaed. S/6. 
"Professor jMBiiMon farrnirtTt i3bm imAwr br hk CLBAuraM or cohcbptioh an* 
MMTUCiTV or BXPRBSSioM. Hu Or— tm— It rocttlb om iMtttMng of Fafadfty.'* — Aiheiummt, 
" TIm Bwt Book yat paWfahod fer th« um of 9tmAm!».**—Ei^m00r. 

MAGNETISM AND ELECTRICITT (An AdTUoed Text- 
Book on). For Adyanced and " Honoun " Students. By Prof. Jamiatoii, 

aasiittd by Dayid Robertson, B.Sc, Professor of Flectrical Engineering im 
the Merchant Venturers* Technical College, Bristol. [Shcrify, 

APPUED nCHlNICS (An Adyaneed Text-Book on). 

VoL I. — Comprising Part I. : The PiincipU of Work and its ai>plica- 
tions; Part II.: Gsaring. Price 7s. 6d. Third Edition. 

"TmJLV MAiifTAiMs tlM r«pttt«uon of the Aufehor/*— i^nwi. gwfiuMwr. 

VoL II. — Comprising Parts III. to VI. : Motion and Enargy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Second Edition. Ss. 6d. 

"Wkll and lvcidly wKiTTMf.*'— rA# Mmim00r. 

*«* EagJk 0/th4 ai00t V0htm 0» i* c0m^Uie m iU*i^, Mui S0U i0PmrmUlf. 

PE0FB8S0E JAMIBBOM'S IMTBODUCTOBT MANUALS. 

Crmm Stw. With lUustraHpHS and BjtamdnaiioH Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students. Ninth Edition, Revised. 3/4. 

'* Should be ia the hands of BrBXY enguMeiinc^ apprantioe." — PracHcal BnniM0tr. 

MAGNETISM AND ELE(7rBICITT (Elementary Manual 

ol). For First -Year Students. Fifth Edition. 3/6. 

" A CAMTAL TiXT-aooK . . . The diaframs are an important feature."— kSVil«»/m«r<rr. 
"A THOKOUOHLY TKUSTWoaTHY Text^book. PRACTICAL and clear.'*—JVaJlwr«. 

APPLIED MECHANICS (Elementary Manual of). 

Specially arranged for First- Year Students. Fifth Edition, 

Rerised. 3/6. 

"The work has ybhy high qualitibs, which may be condensed into the one wtwd 
* CLBAK.' "Seunct tmd Art. 

In Preparation. 300 pages. Crown Svo, Profusely Illustrated, 

MODERN Electric Tramway Traction: 

A Text-Book of Present-Day Ppaetiee. 

Fw tA« TJw Cif Electrical Engineering Students and thotc interetted in Blectrie 

Transmission of Power, 

By Prof. ANDREW JAMIESON. 



A POCKET-BOOK of ELE(7rRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. Pocket Size. Leather, 
8s. 6d. Sixteenth Edition. [See p. 49. 

LONDON: CHARLES GRIFFIN ft GO^ LIMITED, EXETER STREET, STRAND. 



Bir0INMMBINO AND MICOBAyiOS. 35 

WORKS BT 

f. J. MAGQUORN RANKINE, LLD., F.R.SL, 

TKOBOir«HLT UTMID BT 

W. J. MILLAR, O.B., 

LmH $€9r9Unf U ike litHhrn^ 9f Engln—n m4 HIpMl^wrt In Scwttmul. 



A MANUAL OF APPLIED MECHANICS : 

OompHfliBg th« PriBotpUa of Statiot and Om«mati«i, and TImwj of 
tUmotmrM, Moohuiuim, and MaohinM. Wilh NanMroMi Diagrama. 
Onwb 9to, oloth. SiXTBBim Bdriok. 12i. 6d. 



A MANUAL OF CIVIL ENOINEBRINO : 

Ownpriainf InginMring SwrfwjB^ Barlhwork, Foiuidationa» MaMurj, Gar- 
pt&try, Metal Work, Koada, Sailwaya, Oaaala, RItom, Watarworks, 
Harbomra, 4c. WiMi Nomorova Tablaa aad IlliiatratMba. Crown 8yo. 
oWtk. TwsNTY-FiRflT fiDinoir. ISa. 



A KANUAL OF HACHINBBY AMD MILLWORK : 



Oompriaiiig tka Ooomatrj, MoMona, Work, Strangtii, CoBatmolioa, and 
Objoofta of MaohiBOi, km. lUiialvatod with naariy SOO Woodcuts, 
drown 8to, cloth. Sammi Idriok. Ita. id. 



A MANUAL OF THE STBAM-BNOINE AND OTHIl 

PRIME MOVERS : 

With a Soction on Gam, Oil, and An SirourBS, bj Bbtak Donkik, 
M.Iiiirt.G.B. With Folding PUtaa and Nnmorona lUastrationi. 
Orowtt 8to, doth. FiFTKimrn VDinoir. ISa. (Sd. 

UNOON: OHARLES tRIFRN « OO. UMiTEO, EXETER STREET, STRAND. 



36 CHARLES ORIFFIN df CO,* 8 PUBLICATI0N8, 

Paor. RAmciNJcs Works— (CVwrfiiM^). 

USEFUL RULES AND TABLES : 

for ArchiUots, BuildMri, EnginMn, Founder*, Meohaniet, Shipbtdld«««p 
Surreyors, Jtc. With Appendix for th« nie of Elbotkioal Bir< 
By Profsasor Jamibson, F.K.S.E. Sbvbnth Esitzok. 10b. 6d. 



A MECHANICAL TEXT-BOOK : 

A Praoticftl and Simple Introduction to th« Study of MoohaniM. Bf 
Profesaor Rakkins and £. F. Bambxb, G.£. With Numaroua Illiw- 
trationa. Crown 8yo, cloth. Fifth Edition. 9b. 

%* Tiu " MscKAincAL Tbxt>Book " WiM dui^ntd by ProfMior Baxxxvb m «m Ima- 
U th$ atevf Striu •f Mmnuals. 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8to. Cloth, 31b. 6d« 

Part I. PaporB relating to Temporatura, Elaaticity, and Expansion of 
TapouTB, Liquids, and Solids. Part II. Papon on Energy and its Trans- 
foffmations. Part III. Papem on WaTO-Forms, Propulsion of Veasels, ko. 

With Memoir by Profeasor Tait, M.A. Edited by W. J. Millab, G.B. 
With fine Portrait on Steel, PlatoB, and Diagrams. 

" N« aore «»duriBf MMMrud ^f PrafMMir RMikine could b« d«viMd tkaa tb« pnbliei^ 
tkm ef tkcM ■■QM ri ia aa a««e«MiVlc fwm. . . . Tke CoUectiaa is MoaC TidaabU «i 



It af the ■•ture of kic discorcriM, and tke beauty aad eomplotascM of kis 
^ TIm VoiuHie oaeoodi ia iiporHiwcc any work ia tke samo 4«]MartaMaC pabliakod 
tiao. "-"A rchittct. 



SHELTON-BEY (W. Vincent. Foreman to the 

Lnperial Ottoman Gun Factories, Constantinople) : 



THE MECHANIC'S GUIDE: A Hand-Book for 
Artisans. With Copious Tables and Valuable Recipes for Practical Ubsl 
lUostrated. Stctnd EdiHsn. Crown Syo. Qoth, 7/4. 

lONDON : GHARLE8 GRIFFIN ft CO., LIMITED, EXETER STREET. STRANa 



aNOINKMRlNQ AND MMCBANWti, 37 

8BC0JVD JBDITIOJ/, BevUed and Enlarged. 
In Large 8vo, Handsome cloth, 34^- 

HYDRAULIC POWER 



AND 



HYDRAULIC MACHINERY. 

HENRY ROBINSON, M. Inst. C.E., F.G.Ss 

fHXOW OF KIHG'S COLLBGK, IXMfDON ; PBOF. OF CITIL BNGINEBXING, 

kimg's c«llbck, btc., btc 

IBUtb nttmetoni Woodcttt^, und Siin^ninc pUites. 

" A B«ok of «rMt Frofoario— 1 UMlulMU."->/r»w. 



In Largg 8vo, Hcmdsanu Cloth, Wiih FrofUi$pUe€y Btmn'ol Plates, 

and over 260 lUutiraiion*, 91t« 

THE PRIHCIPLES IHD COHSTRUCTIOlf OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praetioftl Illustrations of Ekoikbs and Pumps applied to Mikiko, 

TowK Watbb Supply, Dbaikaos of Lands, ke.y alio Eoonomy 

and Efficiency Trials of Pumping Machinery. 

By henry DAVEY, 

, ll«mb«r of the Institntioii of CiTil Engineers, Member of the Institution 9i 

Mechuiioal Xngineeri, F.Q.S., Me. 

OoMTiMTB — Early History of Pumping En^es — Steam Pumping Engines — 
Pomps and Pump Valves — General irrinciples of Non-Rotatiye Pumping 
Sngines — The Cornish Engine, Simple ana Compound — Tjrpes of Mining 
Ihgines — Pit Work — Shaft Sinkins^ — Hydraulic Transmission of Power in 
Mines — ^Valve Gears of Pumping Eoigines — Water Pressure PumpingEngines 
— ^Water Works Enpnes — Pumping Engine Economy and Trials of Pumping 
Machinery — Centnfugal and other !Low-Lift Pumps — Hydraulic Bams, 
Pomping Mains, ^.— -Indix. 

"By the *one EngMih Engineer who probably knowi more ebont Pumping Machinerj 
ttian AMY omm/ ... A tolumb sacoEDDre thb bssults of loxo xxpxbi»pob av]> 
Sffrx>T.'*— r%« Enffi%mr. 

**inadonbtedl7THB bbst avd most rxAonoAL tbbatibb on Pumping Machinery tbat bas 
TB* BBBN T\yxLiMain>/'—Himng Journal. 

lONDOR : CHARLES ORIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 






3S CMARLMB GRIFFIN S 00:8 FUBLWATIONB. 

Mifai 899, Htmi99m9 OhUt. Whk imm9roM9 lilu9trmti9H9 aiui T^bh^ Ife 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, ILC.B., F.R.S., M.P., 



or THB IMFKIOAI. OBDISg CW ST. STAIIILAU* OT KUOiA ; nULMClt JOOni 
AVmiA ; SODJIDIB or TUWMMW ; AMD BHUrG SVM OT JAVAN ; TIC^ 
PBRSIDBNT or THB l Um T U T l OW Or MATAL AI 



la order to rtader the work cempkte for the puipotes of the Shipbuilder, vrkether al 
he or abnMui, the lilothods of Calculatieii introduced by Mr. F. K. Babhbs, Mr. Gbat, 
M. Rbbch, M. Daymabo, and Mr. Bbnjamin, are all giren aoparately, iliuJtratod h^ 
Tables and woikod-out ejnuBples The book contatas more thaa soo Diacraas, and m 
■■■trated by a iBfO number of actual caeos, dcriTed fxOBi ships af all d aac r i a tjo na . 

** Six £dward Rbbd's ' Stabujtv or Ships ' is intaluablb. The Navai. AxcHiTBcr 
wUl fod brought togetner and ready to hu hand, a mass of information which he would olhor- 
wise have to seek in an almost encUess Tariety of publicaticms, and some o' which he would 
possibly not be able to obttun at all elsewhere."— iS^aMuA'^ 



THX DBSiaW AND OONBTBUOTIOV OV 8HIPS. By John 
Harvard Biles, M.Inst.N.A., Profestor of Naval Architecture in the 
University of Glasgow. [In Prtpairmti^n. 



Second Edition. Illustrated with Plates, Numerous Diagrams, and 

Figures in the Text. iSs. net. 

STEEL SH IPS! 

THBIR CONSTBUCTIOIl^ AIl^D MAIIl^TEIl^AIl^OB. 

A Manual for Shipbuilders, Ship Superintendentt, StudentBt 

and Marint Enginetra. 

By THOMAS WALTON, Naval Architect, 

AUTMOa OF "know YOUR OWN SMIF." 

OoKTKNTS. — I. Manufacture of Oa«t Iron^ Wrought Iron, and Steel. — Oom- 
position of Iron and Steel, (Quality, Strengtn, Tests, &c. II. Classification ef 
Steel Ships. III. Oonsiderations in makirtf choice of Type of VeaseL — ^Framin^ 
•f Ships. rV. Strains experienced by ShipM. — Methods of Computing aad 
Comparing Strengths of Ships. V. Construction of Ships. — ^Alternative Mode* 
ef Uonstruotion. — Types of Vessels. — Turret, Self Trimming, and Trunk 
eHeamen, &c.— Rivets and Bivetting, Workmanship. YL Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulk ol 

Ships.— Cement, Paint, &c.— Ikdu. 

*- 80 thoron^h and well written is erery ohapter in the book that it it diiljcolt to seleet 
anT of them as being worthy of exceptional praise. Altogether, the work is exoellenl, and 
will prore of $?reat ralue to those for whom it is intended."— 7^ Bt^gintmr. 

" Mr. Walton has written for the profession of which he is an ornament His work 
will be read and appreciated, no donbt, by erery M.LN.A., and with great benefit by tba 
majorifty of them.^— /ournaf ofComtMrf. 

Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

OBOTIN'S ELEOTBIOAJL PRIOE-BOOK: For Electrioal, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

" The Slbctkical Pkicb-Book aaiioTBS aix mystsxy about tke cost ef Eleetrical 
#ew«r. By ks aid the bxpbnsb that will be entailed by utiliatag clectrieity en a laive er 
■aall ssale can be diieorered."— i^nr^atec/. 

LONDON : CHARLES GRIFFIN A CO.. LIMITED, EXETER STREET. STRAND. 



NAUTICAL WORKS. 39 

GRIFFIN'S NAUTICAL SERIES. 

Edited bt EDW. BLACKMORB, 

MMtor If arlnw, Fint GImh Trinity Hoom Geitiflofttt, AMoe. Imt. H.A. ; 

AMD WimiH, XAmiT, bj 8IILOB8 for Sailom. 



I "Thd admikablb BKBsaA"—Fa\rplay. "A TiKT usirnL simiEf."'iira«iir». 

; "Hi* YolimiM of M188B8. aniFiTN's KAVTIOAL SuLEH may well and profltablj Im 

read by all intereated in our national ieaiiitdcb pboobisb. "— JforifM Bi^vntm'. 

"BmiT Smp ihoald have the wholb Sbboh as a Eihrbnch Lib&art. Havd- 

0OMK1T BOUND, OLBABLT PBINTBD and ILLUSTRATED."— JU0MlN)0l Jowm, iff COflMIMrM. 

The British Mercantile Marine : An Historioai Sketch of its Hiae 

j and Derolopmant. By the Editob, Cafc. Blaokmobb. 8a. 6d. 

I " Captain Blaokmore'ssPLBNDiD book . . . eontains paragraphs on erery point 

j of interest to the Merchant Marine. The MS pages of this book are the most YALU- 

I ABLB to the sea captain that ha^e IYBH been oompilbd."— JTsreftofK Stunoioe Revitw. 

Elementary Seamanship. By D. Wilbon-Ba&kbr, Master Mariner, 
r.a.8.S., r.Il.a.S. with numerous Plates, two in Ctolouis, and Frontlspieoe. 
Third iBdition, Thoroughly Revised, Enlarged, and Ke-set. With additional 
niustrations. (to. 
''Hals ADBDOUBLB KANUAL, by CAPT. WiLSOH Barkie, of the ' WoroestsT,' seens 

to OS PUUnWTLT DEnaNED."— uiMMUMMn. 



Know Tour Own Ship : A Simple Explanation of the Stobilitj, Con- 
straetion, Tonna^i, and freeboard of Ships. By THOf . Waux>v, ITaval Ardiltaoi. 
With numerous iliustrations and additional Chapters on Buoyancy, Itim, and 
Calculations. Sixth Edition, SeTised. 7s. 6d. 
" Mr. Walton's book will be found tert usepul."— TJU Snginesr. 

Havigation : Theoretical and Practical. By D. Wilson-Babkui, 

Master Mariner, &e., and William Allingham. Seoond Edition, Revised. 8s. 6d. 
"PREomLT the kind ef work required for the Kew CertiAoates of competency. 
Candidates will And it intaluablb."— Dtmdsd Adv^rtiier. 

Marine Meteorology: For Officers of the Merchant Navy. By 
William Allinqham, Arst Class Honours, Navigation, Science and Art Department. 
With niustrations, Maps, and Diagrams, and Jaetimile reproduction of log page. 
Ts. 6d. 
" <)uite the best publication on this subject."— .SftijPipinj^ QautU, 

Latitude and Longitude : How to find them. By W. J. Millab, 

C.B., late Sec to the Inst, of Engineers and Sldpbuilders in Scotland. Seoone 

Edition. Revised. Bs. 

" Cannot but prove an acquisition to those studying Navigation."— JrorttM A^tfiser. 

Practical Mechanics : Applied to the requlremente of the SaUor. 
By THOS. MAOKENEIB, Master Mariner, F.R.A.S. Second Edition, Revised. 8s. 6d. 
" Well worth the money . . . EXOEEDiNaLT BXLnwL." ^Shipping World, 

Trigonometiy : For the Young Sailor, A;c. By Rich. C. Buok, of the 
nuunes Kautical Trataiing College, H.M.S. " Worcester." Second Edition, Revised. 
PrieeSs. 6d. 
" This EMINENTLT PRACTICAL and reliable volume."— .SeAoelmattdr. 

Practical Algebra. By Rioh. C. Buck. Companion Volume to the 
above, fbr Sailors and others. Price 3s. 6d. 
" It is JVST THE BOOK for the young sailor mindful of progress. ^Nafatioal Magagku, 

The Legal Duties of Shipmasters. By Benedict Wm. Giksbubo, 

M.A., I1L.D., of the Inner Temple and NorUiem Circuit: Barrister-at-Law. Second 

Edition, Thoroughly Revised and Extended. Price 4s. 6d. 

" INYALVABLE to masters. . . We can fully recommend it," —Shippif^f O a aM: 

A Medical and Surgical Help for Shipmasters. Including First 

Aid at Sea. By Wm. Johnson Smith, F.R.C.S., Principal Medical Officer, ftamen's 

Hospital, Oreenwieh. Second Edition. Revised. 0s. 

"Sound, jttdicioot, really wsLVwmA.—TU LaneU. ^^ 

IDNDON: IHARLES BRIFFIN ft CO., LIMiTED. EXETEB STREET. 8TRAHB 
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40 CHARLSS ORIFFIN * CO.'S PUBLIOATIONa. 

QBIFriN'S NAUTICAL SERIES . 

Introductory Volume. Price Si, 6d. 

THE 

British Mercantile Marine. 

By EDWAED BLACKMORE, 

MASTER MARINBR; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS; 

MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIFBUILOEES 

IN SCOTXJLMD; EDITOR OF GRIFFIN'S "NAUTICAL SERIES." 

OiNSRAL CoirrmiTS.— HiSTOBiCAL : From Early Times to I486— ProgtMi 
udsr Henry YIII.— To Death of Mary— Dnrinf Elisabeth's Beign— ifp to 
the Reign of William III.— The 18th and 19tb Centuries— Institution of 
Xzaminations — Bise and ProgretM of Steam Propulsion — Derelopment ol 
Free Trad^Shipping Legislation, 1862 to 1876— ** Locksley HaU^ Cass- 
Bhiiiinasters' Soeieties— Loaiding of Ships — Shipping Legislation, 1884 to 1804— 
Btatistics of Shipping. Thb Psbboknbl : Shipownen— Officers— Mariners- 
Duties and Prssent Position. Educatiok: A Seaman's Education: what it 
riiould bo— Prssent Means of Education— Hints. Disciplivb akd Dutt— 
Postscript — The Serious Decrease in the Number of British Seamen, a Matter 
tananding the Attention of the Nation. 

" iMTBEBsmfs and IvsiBUcnrs . . . msy be read with fboir uid sNJonnHT.**— 
0la*fom Biraid. 

** Itbbt bbaeob of the rabject la dealt with in a way wbieh ihewB that the writer 
'knows the ropes* tmadUulj.^'—atetammn. 

"This ADKnuBUi book . . . tbbmb with useful information— Should be in (h* 
kaads of BTery Bailor.*'— Wutirn Morning If em. 



Third Edition, Thoroughly Eeviaed^ Enlarged, and Beset, 
With Additional Ulustratioyie, Price 6s, 



ELEMENTARY SEAMANSHIP. 

D. WILSON-BABKER, Mastkk Mariner; F.R.S.E., F.B.G.S., Jka, Aa; 

TOUiron BKOTHBR OF THE TRINITT H0U6I. 

With Frontispiece, Numerous Plates (Two in Colours), and Illustrations 

in the Text. 

General Contents. — The Building of a Ship; Parts of Hull, Masts, 
kc, — Hopes, Knots, Splicing, kc. — Gear, Lead and Log, kc. — Biggmg, 
Anchors — SaUmaking — The Sails, &c. — Handling of Boats under Sail — 
Signals and Signalling — Bule of the Road- Keeping and Beliering Watoh— 
Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 

*«* The Tolnma contains the new sulks of the egad. 

' This ADMiEABLX MANUAL, by Oatt. Wilson-Bakebs of the ' WoreeBtar,' seems to n» 
m«FBr<PLT DKsioNET) End holds ita place exceUently in * GsiFrnr's NAunoAL Sbeibs.' . . . 
Although intended for those who are to become 0£Qceri of the Merchant Nayy, it will be 
fofond useful by all tachtsmen."— il<A«t«tfm. 

*«* For complete List of Qvawa'a Nautical SsEixa, see p. 39. 

iONDON : CDAftlES GRIFFIN ft CO., LIMITED, EXETER STREET, STRANO. 
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QRirFIN'S NAUTICAL SERIES. 

Second Edition, Revised and Illustrated, Price Ss, 6d, 

NAViaATIOIsr: 



By DAVID WILSON-BARKER, R.N.R., F.R.S.E., &c., Ac, 

AND 

WILLIAM ALLINGHAM, 

ITRST-OLASS HONOUKS, NATIttATION, BOIBNOE LStH AKT DIPARTHXNI. 

tmitb 'numetoud ^lludttatlons and Bsamlnatlon (Stuestlontf* 

(xiifSBAL Contents. — Definitioni — Latitude and Longitude — Instrumeiiti 

•f Nftyigation — Correotion of Courses — Plane Sailing — Trarerte Sailing— Day's 

Work — ParaUel SMling — Middle Latitude Sailing — Mercator's Chart— 

ICercator Suling — Current Sailing — Position by Bearin|n— Grreat Circle Sailmg 

— ^The Tides — Questions — Appendix : Compass Error — Numerous Useful Hints, 

ftc — Index. 

" Pbxcisblt the kind of work required for the New CertiflcateB of comiMtencyin nades 
*om Seoend Mate to extra Master. . . . Candidates will find it intaluabm. "— ^ww rfw 

** A CAPITAL UTTLS BOOK . . . speolally adapted to the New Examinatlens. Hie 
▲mthors are Oapt. Whson-Baskxx (Captain-Superintendent of the Nautical OoUege, H.M.6L 
* Woreeiter,* who has had great experience in the highest problems of Nayigation), and 
Mk. Alumsmaii, a well-known writer on the Science of Nayigation and Nautical Astrenomy ** 



Handsome Cloth, Fully Illustrated. Price 7«. 6d, 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Fractioal." 

With numerous Plates, Maps, Diagrams, and lUuBtrations, and a facsimils 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

InnoDUOTOBT.— Instruments Used at Sea for Meteorological PurpoBes.— Meteoro- 
logical I^g-Books. — Atmospheric Pressure. — Air Temperatures. — Sea Temperatures. — 
mnds.— Wind Force Scales.— History of the Law of Storms.— Hurricanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Ioebeigs.--fiyn> 
chronous Charts. — Dew, Mists, Fogs, and Haze. — Clouds. — Eain, Snow, and Hail. — 
Mirage, Rainbows, Coronas, Halos, ana Meteors.— Lightning, Corposants, and Auroras. — 
QnasnoiTB.- AppBirnix.— iNDix. 

" Qnite the bxbt publication, and certainly the most iktsrestikg, on this lubjeet erer 
•presented to Nautical mtn."— Shipping Oazette. 

*,* For Complete List of Griffin's Nautical Seribs, see p. 39. 

LONDON : CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRAND. 



<• OBARLMH OMarriH * aO.'M PffBLWATIOJn. 

ORirrnrs WAimcAL sebies. 

Sbooitd Edition, Rbyisbd. With Naiii«roiii lUvstratiois. Price 3«. 8d. 

Practical Mechanics: 

Applied to the Bequirements of the Sailor. 

By THOS. MACKENZIE, 

MmUr MaHn§r, F.R.A.8. 

GKNBmiX GoNTiNTB.— Raiolution and Compoiition of Foroet— Work doB« 
bw MachinM and Liying A^f^nts — Th« M«ohanical Pow«n: Th« L«T«r; 
JknickM at B«nt L«T«ni--Thc Wheel and Axle : Windlaee ; Ship's Oapetan ; 
Grab Winoh— Taoklee : the '*01d Man"— The Inclined Plane; the Sorew-- 
The Centre of Gkayitr of a Ship and Cturgo — BelatiTe Strenffth of Bope : 
Steel Wire. Manilla. Hemp, Ooir— Derridu and SheanK-Oahndation of the 
Oroee-breaUnff Strain of Fir Spar — Centre of Effort of Baila — Hydrostatics: 
the Dinng^beU ; Stability of Floating Bodies ; the Ship's Pump, kc, 
" This ■xobllbtt book . . . contains a labob amotivt of information. '* 

" Wbll wobth the money . . . will be fomid bxcbbdikolt helpful.*'— 
Mppiiiff Warid. 

"Ko Ships' Ofpiobbs' bookoub wiU henoeforth be complete without 
CAFTAiir Maoxbkub's ' PbjlOtioal MBOHAiriai.' Notwithstancong my many 
Team' experience at sea, it has told me how much more there if to a<^utre.*'— 
(Letter to the Publishers from a Master Mariner). 

** I must express my thanks to you for the labour and care you hare takett 
ia *PmAonoAL Mbohaitiob.' . . . It ib a lub'b bxpbbibvcb. . . . 
What an amount we frequently see wasted by rigging purchases without reaeo» 
and accidents to spars, lie., 4c. ! ' PRAonoiX Mbohavicm ' would satb all 
this." — (Letter to the Author from another Master Mariner). 



WORKS BY RICHARD C. BUCK, 

of the Thames Nantioal Training Oollefe, H.M.S. ' Woroester/ 

A Manual of Trig* onometry : 

With Diagrama, Examples, and Exeroisea. Price Ss, 8d. 

Sbookd Edition, KeTised and Corrected. 

*»* Mr. Buck's Text-Book has been bpboiallt prbpa&bd with a view 

to tna New Bxaminationa of the Board of Trade, in which Trigonometry 

Ib an obligatory subject. 

**Thii ■Mivum.T PRAcnoAL and bsliablb foi;uvm.'"—StftootmuMter. 

A Manual of Algebra. 

fhBtgnmi to m§€t the Roquirementt of Sailors and othera. Prioe 8», 6d. 

%* ThsM eUmentary works on iideaeai and nueoiromTST are writtMi ip^dally for 
thoao who will haTO IHMe opportonlty of eonialting a Teaoher. They are book* for ''sar^ 
SBLr.** All bnt the irinipUet explaiuitlons hare, tnerofore, been aroided, and amwxbs to 
fho fiKereises are gtTon. Any person may readily, by earefnl study, beeome matter of their 
eootents, and thus lay the foundation for a farther mathematioal coarse, if desired. It to 
koped Uial to U&e younger Oflloers of our Mercantile Marine they will be foond deeldedlf 
seiiloeaTilt The Szami^s and Szeroises are taken from the T^amlnation Papers set fer 
Ike Oadels of Ike " Woreeeter.* 

** Gleaily arranged, and well got up. . . .A flrst-rate Blementery AlKebia. -> 

%*For oomplete List of Ghunm's Nautxcal Ssuas, eM p. 19. 

MWOOII-. CHARU8 8RiFFIN « QO^ LIMITED. EXETER 8TRE£T. STMNft 
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QBnTIN'8 NAUTICAL SEBIE8. 

Sbcok D Editioh, Thoroughly Revised and Extended. In Grown 8to. 

Handsome Cloth. Price 4fi. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BT 

BENEDICT WM. GINSBURG, M.A., LL.D. (Canta*), 

Of th« Inner T«mplc and Northtm Clronit ; Barrlit«r-at-Law. 

(tMiaral Contents.— TIm (^aaUfloattoa for the Positton of BhipmMtM - ilia Ooa- 
bract with tihc Sblpownar— Th« MaitM^s Ihitj In rttpMl of th« Crtw : Bigafemeat : 
ApwentioM; DiaofpUn* ; Provtoions, Aooommodattoa, and Medleal Oomforts ; PajsaiM 
ei wafes uid DiMAsnm— T1i« Majrtcr't Dntr In rtspaet of tha PMsanfara— live Mastv*! 
nnaneial BaiponslbllxtlM— th« Maitai^f 6a^ In raspaet of th« Oarfo— The Master's 
Doty in Ossa of Casnaltr— Hm Msatar'i Dntj to oartain Public Autborlttas— As 
Master's ^foki in relation to PUots, Blgnals, Hms, and liobt Dnea-Tbe Master's Da|f 
upon AffiitVl at the Port of Dlsobar g e AppenoieeB relaUVe to oertain Leaal Mattess : 
Hoard of Trade Cerfeifloates, Dietair loales, Btowsffe of Qrain Cargoes, Load Une Hernia* 
tlooe, Ufe-saTlng AppUanoes, Carrlsge of Cattle at Sea, *e., &e. — Ooploas Index. 

'' No taSelUgent Master shoold Mi to add this to his list of neeenary beoka A few lines 
ef it SM7 SATS ▲ ulwtrb's rsB, aasinas asmxjMM wobbt."— £«MD»e0< ^etMiMJ •/ C^wm n erf. 

** SaasxBUs, plsialy writtea, in OLSia end voa-nonvicAL LAaauAaa, and wll be «Nuad ef 
tfuea ssaTiOB by the flhtpmasler.''— J^tfiuA Trad* Rmfint. 



Second. Edition, Revised. With Diagnusia. Price 28. 

Latitude and Longitude: 

Hoiyar to Fin^d tli^^ixi. 

By W. J. MILLAR, C.E., 

Latt Ster§tmrf t0 th* Inst, of Mnfimwt mnd Shipbuildtn in SecMand. 

'* OONOIBILT and OLaABLT WKiTTiN . . . oannot b«t prove an aoquisituM 
ta those stndyinf Naviflation." — Marine JSngineer. 

** Yoimg Seamam will find it handt and uibpttl, simpls and olbaJu"— TIU 
Mngmeer. 

FIRST AID AT SEA. 

Sboond Edition, Revised. With Coloured Plates and Numerous lUusira- 

tiona, and eompriaing the latest Regulations Respecting the Carriage 

of Medical Stores on Board Ship. Price 6a. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 

BT 

WM. JOHNSON SMITH, F.RO.S., 

Frindpal Medical Oilloer, Seamen's Hosi^tal, Greenwidh. 

*,* The attention of all interested in our Merehsnt Vktj is reqnetted to this exeaedini^ 
aHef«l and Tala»ble work. It is needless to say that it is the outeome of many yasrs 
PB4eenoAi. aarsumicB amongst Seamen. 

''Sovjra, jfUfDidovs, asiXLT mMLmL"—T?i4Lmn€0t. 

*«* Far Complete List of QKEmN's Nautical Sbubs, aee p. 39. 
LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND, 



44 OHABLES O RIFF IN * CO.'S PUBLIGATJONS. 

QRirrnrs wautical series. 

Sixth Edition. Beviaed, tvith Chapter* on Trim^ Buoyancy, 

emd CalnUatiani. Numerous IlhutrationM, Handsome 

Cloth, Crown 8vo. Price 78. 6d. 

KNOW TOUB OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

WnaiAhLY AXKAXQED TO SUIT THE BBQVIREMSNTS OT SHIPS* OFFIOSmt, 
SHIPOWKEltS, SUPERINTIKDEKT8, DRAUGHTSMEN, ENGINEERS, 

AND OTHERS. 

This work explains, in a simple manner, such important 
subjects as: — 



Diiplacement, 

Deadweight, 

Tonnage, 

Freeboard, 

Momenta, 

Bnoyancy, 

Strain, 

Stmcture, 



Stability, 
Rolling, 
Ballasting, 
Loading, 
Shifting Cargoes, 
Admission of Watei:, 
Sail Area, 
&c., &G. 



*' Th« Uttl« book will b« found bxcbbdinglt handt by most officers and 
•ffiouJfl ooiiii«cied with shipping. . . . Mr. Walton's work will obtoin 
LASTING SU00BS8, becAuse of its unique fitasss for those for whom it has been 
written." — Shipping World 

** An EXCELLENT WORK, full of solld instruction and intaluable to ereiy 
oAotr of the Mercantile Marine who has his preiession at heart." — Shippinffi 

** Not one of the 242 pag«s could well be spared. It will admirably fnlfil it* 
pnrpoee . . . useful to ship ownwrs, ship superintendents, ship draugbts- 
men, and all interested in shipping." — Liverpool Joumml of Commerce, 

** A mass of yert usetul information, accompanied by diagrams and illus- 
tHatiooa, is giren in a compact form." — Fairplay. 

" We hare found no one statement that we could have wished differently 
eoqpresMd. The matter has, so far as clearness allows, been admirablr con- 
dsnaed, and is simple enough to be understood by erery seaman. ''—JfariiM 



BY THB SAMB AUTHOR. 



Steel Sbips: Tbeir GonstrnctiOD and Maintenance. 

(See page 38.) 

LONDON: GHARLE8 GRIFFIN A CO., LIMITED, EXETER STREET, 8TRANDL 
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D^mi/ 8vQy Oloth, With Nwiurou* lUuitraiimUf radmud frmm 

Warhmg Drmwmg§. 

A MANUAL OP 

MARINE ENGINEERING: 

OOMPRISmO THB DBSIGNIKa, OOKSTRUGTION, AKD 
WORKING OF MARINE MACHINERY. 

By a. E. seat on, M.In8t.C.EM M. Inst Meeh. B., 

M.InitN.A. 



Gevbral Contents. — Part I. — Principles of Marina Propulsion. 
Part II. — Principles of Steam Engineering. Part III. — Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Vidres, &c. Part IV. — Propellers. Part V. — Boilers. 
Part IV. — Miscellaneoas. 

%* This EnnioM inelndes a Chapter on Watkk-Tubb Boilbrs, with lUoslva- 
tioDS of the leading Typ«a and the ReTiaed Rules of the Bw«mu VwriUu. 



** la the thrse-fold eapaoity of enabUng a Student to learn how to design, cenitnMil» 
aai work a Ifariae Steam- Engine, Mr. Seaton's Manual has no bital."— 2VfRM. 

" By ftur the bmt Manual m exiitence. . . . Qhres a complete account of tbf 
methodi of lolTing, with the utmost poBoibla economy, the problems before the Maruif 
En/rlneer.*'— JtA«nawi». 

''The Student, Draughtsman, and Enjoneer will find this work the mosv taluablr 
Handbook of Relsrence on the Marine Engine now in eaistenee.*'— JfoHiM Enginmr, 



Setsnth Edition, Thoroughly Reyised. Pooket-Siae, Leather. 8s. 6d. 

A FOOEZT-BOOE 07 

lARINE ENGINEERING RULES AND TABLES, 

TOR THB 17SS OT 

Marine Engineen. Naval Arehiteets, Desigrnen, DraaffhtsmMi^ 

Superintendents and Others. 

BT 

A. E. SEATON, M.I.O.E., M.I.Mech.E., M.I.N.A., 

AND 

H. M. ROUNTHWAITE, M.LMech.E., M.LN.A. 

"Admibably FULriLS its purpose/'— i/«r»M Sngm§gr. 
By B. CUNNINGHAM. 

DOCKS: THEIR CONSTRUCTION & MAINTENANCE. 

(See page 27.) 
LONDON : CHARLES 8RIFFIN * CO., LIMITED. EXETER STREET, STRAND. 



46 0HARLM8 GRIFFIN S OO.'M FUBLICATI0N8. 

WOBKS BT PROF. ROBERT H. SMITH, ▲ssoe.M.LC.K.t 

ILLILK, ILLltK, HLMIilE., Wblt 8eh., M.Ord.llM}L 



THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

Applied to Technical Problems. 

WITH szTximn 
OZiASSmBD BBFXBBKCX U8T OF IHTEGRAXS. 

Bj PROF. ROBERT H. SMITH. 

amutsd bt 

R. F. •MTIRHEAD, M.A., B.Sa, 

ronnerlj Olark FtUow of QlM^ow UniTorrity, Mid LMtarar on MathwnitlM •! 

MMon CoUefo. 

In Crcwn Svo, Mfira, with Diagranu and Foldmg-PlaU, St. 6d. 

** Fmof . ft. BL BntB'B book will bo u n i wo bl o In rMid«1iiff % bard rood ai iait ab nuc 

AMI for lb* noB-motbonoliool Btodoit and Snainoar."— JLMmmmma. 

" iBtonoM&ff diofToau, witb proalieol illuctntlou of oelaol OMomnoo, an to bo ftnmd 

te OfeWbdaOM. TBI TBftT OOBTLBTB CLAllItlU) BBVBUVOB TABU WUl prOTO T0r7 tUOfll fao 

MYlif tbo timo of MioM who want an Intofral In a harry. "—J%« . 



EA8UREMENT CONVERSIONS 

(Bnglish and Franoh) : 

28 GRAPHIC TABLES OB DIAGRAMS. 

Showing At a glftnot the Mutual Comtmbmiov of MsAiu&BMSim 

in DiwsKBKT Uktii 

Of Xitngtlii, ATMS, YolomM, W«ighU, SirMiM, D«niitlM, QuMittllM 
of Work, Hone Pow«n, Temperature!, Ao. 

Hr tk§ «•• •/ Englm—n, Murwt^n, AnMtMtt, mmg Owttmoter*. 

In 4to, Boards, 7». 6d, 



* * Prof. Smith's CoinnisiiON-TABLis form the most nniqiie and w^.^ 
peheneiye oolleotion erer plaoed before the profeeeion. By their nee mueh 
wne and labour will be sayed, and the ehanoei of error in calculation 
diminiihed. It ie beliered that henceforth no Engineer's Offiee wiU be 
eoneidered complete without them. 

" no work ifl ISTALUABU."— OoWiry €htair4km. 

" Oo^t to bo In STiKT offleo whoro otui ooeaaional toiiTonrioiu an roqvirad. . . . Prol 
tutn't Tablm form Tory ixciluvt chboxs on rMralta."— JIm*HmI Itt w h w. 

" Prof. Bmitb dMorrM the h«art7 thanks, not only of tho BvoiviBm, but of tho Commbmiak 
WOBW, for haHitt smoothod tbo way for tho ADoniov of tho M bvbio Btkbv of JUulbubbioii^ 
a fohjeol which b now aMnming groat Importaneo aa a faotor In maintaining our iobb mpoe 
voenoB WBAPB. '—Thi Mmthimn/ Mmrlm. 

LONOnN : CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET, STRAND. 
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In Lftrg* 8to. Handsome Cloth. lOn. 0d. 

CHEMISTRY FOR ENGINEERS. 



BIERTRAM BLOUNT, 

F.LO.. F.C.0., A.I.C.B.. 

Confulting OliiirttI to lh« OrowB !«•■«• twt 

111* OolonlM. 



AND 



A. G. BLOXAM, 

OMiMlMaf OhMiiMi,' U«Ml of th« Chemiitry 

D«|Mur«Di«Bt. GoldaaiUM' Inii., 

K«w OroM. 



MinaUL OOXnVTt.^Introdaetion— Ohemiitrj of llio Ohltf Materials 
of OoBitraotton— lovrots of Inorgj— Ohemiitrj of iliin -raialag— <?liicili- 
trj of Labrleattdn and Labrloanta^MetaUurgloal ProooMoa vaod In tlio 
WInmlnff and Mannfaotnre of Motali . 

** Tks Mitiion liftTt Buoouu>u> b«70Bd all ezp««tatlaa, aai hftTt pr»dnM4 ft work whlife 
gfT« FBMK POWBB to th« JbngtuMT «od MMiiiflMtarer."— 21W IVnuh. 



"VmAOtiOAi vHKOUVMOVff . . . «n ASMiBABU nuv-BOOK, qmAU no4 0DI7 to fltadmla, 
iMt to mmvawjoM aad Maia«bMs ot womu In rkiTBVvii* wami mmI mrmoTiao rso< 



•/(Tm 1^Mii#. 



" A book worthy to tftkt mx«h mi-iK . . . tr«atm«nfe of tho ntfajoot of •mbous wowk 
.jMMevliirl7 food. . . . Warb oab and Ma prod««MoB atooriy w«rk«d ovi. ... We 

WABMLT BBOOMMBirB Um WOrk.'' 



For Oompanion Yolnme bj the same Aubhors, see '* Chkmistat 

FOR Mawufactureri," p. 71. 



Works by WALTER R. BROWNE, M.A., M.lNST.C.E., 

Late Fellow of Trinity College, Cambridge. 



THE STUDENT'S MECHANICS: 

An Introdaetion to the Study of Force and Motion. 

Witk DiagraiMfi. Crown tvo. Clotk, 4c. 6d. 

Ib itTk wmi fnueAoaX ui matin d« ' Tux SnnMHT't Mbchamics' k MidiBUy lo W 
of fim w. " —AtAtH^KUfK. 



FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Enginssr. In Crowa fro, is. 



Demy Svo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

»T FBor. FRANZ SCHWACKHOFER of Vienna, and 
WALTER R. BROWNE, M.A., C.E. 

Gbnbbal CoNTBim. — HeBt and Combuatio*— Fuol, TarMtiot of— Knag Asvaiife- 
aiMti ; FnnBCB, FliMi^CkiiiiiMir— Tkc Boilor, Cboioc of—Variotiaa — Feod^walor 
HoBtow Stoam Pipaa — ^Watar : CompoattioB, FunficBtioB— PraTandon of Seala, &c., Ac 



" Tka Sactioa on HobC is omb of tka boot tmd Moak lacid avar wiitteai.'*— JEmv tn'^' 
" CaoBot fcfl to W ^raJBahla to Aa—iarit using ataaaa powar." — Itmii m my Eitg m Mr. 



LONDON : CHARLES GRIFf IN « COu LIMITEO. EXETER STREET. STRANa 



48 OHARLWS ORIFFIN A OO.'S PUBLICATIONS. 

CBIFFIM'8 LOCAL COYEBMMEHT HANDBOOKS. 

WOBKS SUITABLE FOR MUNICIPAL AND COUNTY ENGINBBES, 

ANALYSTS, AND OTHESS; 

See alio Davies' Hygiene, p. 99, and MacLeod's P^Mic Healthy p. 110. 

Gas Manufacture (The Chemistry of). A Handbook on the Pro- 
duction, Poriflcation, and Testing of Illuminating Oas, and the Assay of Bye-Pro- 
ducts. By W. J. A. BUTTERFIELD, M.A., F.I.C., F.C.S. With Illustrations. Third 
Edition, Revised {in preparation). [See page 77. 

Water Supplv : A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By Bbqinald £. MiDDLETON, M.Inst.C.E., M.Inst.Mech.E., 
F.S.I. With Four Plates and Numerous Diagrams. Crown 8to. [See page 77. 

Central Electrical Stations : Their Design, Organisation, and Manage- 
ment. By C. H. WORDINGHAM, A.K.C., M.Inst.C.E. Price 24s. net. 

f or detail* see opposite page. 

Sewage Disposal Works : A Guide to the Construction of Works for 
the Prerention of the Pollution by Sewage of Biyers and Estuaries. By W. Santo 
Crdcp, M.Inst. C.E., F.G.S. Second Edition, Revised and Enlarged. Large 8yo, 
Handsome Cloth. With 87 Plates. Price SOs. [See page 76. 

Trades' Waste : its Teatment and Utilisation, with Special Reference 
to the Prevention of Rivers' Pollution. By W. Natlob, F.G.S., A.M.Inst.C.E. 
With Numerous Plates, Diagrams, and Illustrations. 21s. net. [See page 76. 

Calcareous Cements: Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By Gilbert Redorayb, Assoc.Inst.C.B. 
With Illustrations, Analytical Data, and Appendices on Costs, Ac. 88. 6d. 

[See itage 76. 

Road Making and Maintenance : A Practical Treatise for Engineen, 
Surveyors, and others. With an Historical Sketch of Ancient and Modem Practice. 
By ThomJlS Aitken, Assoc. M. Inst. C.E., M. Assoc. Municipal and County Engrs.; 
M. San. Inst. With numerous Plates, Diagrams, and Illustrations. 21s. 

[See page 79. 

Light Railways at Home and Abroad. By William Henry Coli, 

M.Inst.C.E., late Deputy Miuiager, North-Western Railway, India. Lai^e 8vo, 
Handsome Cloth, Plates and illustrations. 16s. [See page 90. 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By Geo. Reid, M.D., D.P.H,, Medical Officer, Staffordshire 
County Council. With Appendix on Sanitary Law, by Herbert Manley, M.A., M.B., 
D.P.H. Tenth Edition, Revised. 6s. [See page 78. 

Sanitary Engrineering : A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By Frank Wood, A.M.Inst.C.E., F.G.S., Borough 
Surveyor, Fulham. Fully Illustrated. 8s. 6d. net. [See page 78. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Richmond, F.C.S., Chemist to the Aylesbury Dairy 
Company. With Tables, Illustrations, <&c. Handsome Cloth, 16s. [See page 7S. 

Milk : Its Production and Uses. With Chapters on Dairy Farming, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By Edward F. 
WiLLOUQHBT, M.D. (Lond.), D.P.H. (Lond. and Camb.), Inspector of Farms and 
General Scientific Adviser to Welford & Sons, Ltd. [See page 78. 

Flesh Foods : With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mitchell, B.A., F.I.C., Mem. Council Soc. of Public 
Analysts. With numerous Illustrations and a coloured Plate. lOs. 6d. [See page 73. 

Foods: Their Composition and Analysis. By A. Wynteb Bltth, 
M.R.C.S., F.C.S., Public Analyst for the County of Devon. With Tables, Folding. 
Plate, and Frontispiece. Fifth Edition, Thoroughly Revised. 218. [See page 72. 
" An admirable dioest of the most recent state of knowledge."— C%«miea2 Newe, 
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ELECTRICAL ENGINEERING. 

In Large 8vtf. Handsome Cloth, Profusely Illustrated with PUitee^ 

Diagrams^ and Figures, 24/. net, 

CENTRAL ELECTRICAL STATIONS: 

Their Desigrn, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C, M.Inst.C.E., M.Inst.Mech.E., 

Lale Mcmb. of Council Inftt£.£., and Electrical Engineer to the City of Manchester. 

ABRIDGED OONTSNTS. 

Introductory. — Central Station Work as a Profession. — Ab an lB!re«tment. — The Estab- 
lishment of a Central Station. — Systems of Supply. — Site.^Ajrchit«cttu-e. — Plant. — Boilers — 
Systems oi Drau|^ht and Waste Heat Economy. — Coal Handling, Weighing, and Storing. — 
llie Transmission of Steam. — Generators. — Condensing AijpLiances. — Switching G«ar, 
Instruments, and Connections. — Distributing Mains. — Insulation, Resistance, and Cost. — 
Distributing Networks — Service Mains and Feeders. — Testing Mains. — Meters and 
Appliances. — Standardising and Testing Laboratory. — Secondary Batteries. — Street Light- 
iaf(. — Cost. — General Organisation — Mains Department. — laitallation Department — 
Standardising Department. — Dra¥ring Office. — Qerical Department. — The Consumer. — 
Routine and Main Laying. — Indkx. 

" One of the most valuablb contributions to Central Station literature we have had 
fer some yaxoA"— Electricity. 



ELECTRICITY CONTROL. 

A Treatise on Eleetrieity Switehgeap and Systems of Transmission. 
By LEONARD ANDREWS, M.I.E.E., 

Ex-Member of Council of the Incorporated Municipal Electrical Association ; Consulting 
Electrical Engineer to the Hastings Corpora tion, &c., &c. 

General Principles of Switchgear Design.— Constructional Details. — Circuit Breakers or 
Arc Interrupting Devices. — Automatically Operated Circuit- Breakers. — Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running.— 
Geaeral Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus for Low Tension Systems. — Examples of Complete 
Installations. — Long Distance Transmission Schemes. 



Sixteenth Edition, Thoroughly Rerised and Enlarged. 

A POCKET-BOOK 

OP 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIAMS AND ENGINEERS. 

Bt JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.B., F.1LS.B. 
With Numerous Diagrams. Pocket Size. Leather, Ss. 6d. 

GENERAL CONTENTS. 
Units of Measurement. — Measures. — Testing. — Conductors. — Dielectrics. — SuhnuuuM 
CaUes.— Telegraphy.— Eleotro-Chemistry.— Electro-Metallurgy.— Batteries.— QynamosaMd 
Motors — ^Transfoimers. — Electric Lighting. — Miscellaneous. — Logarithnu. — Appendices. 

"W«MDBKruLLY PutFBCT. . . . Worthy of the highest commendatie^ we cas 
gi^e k."" — Bi4cirici»n. 

"Tlie Sterling yAX.UB of Messrs. Mumto and Jamisson's Pockbt-Bo«k.*~ 
ElmtrJcmd Ktvietu. 
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By PBOrgSSOBS J. H. POTHTOIG h J. J. THOMBOM. 

In FiT« YolimiM. Lttift tro. Sold Scparatelj. 

A TEXT-BOOK OF PHYSICS. 

BT 

J. H. POTNTING, J. J. THOMSON, 

8CB., V.K.B., ^2rO M.A., 9.m.l.« 

Utkf lUtow t TriBllj OolleM, OMibrMff*; F*n«ir af Trlallr OoUMt. OUnkrUa*; PMl 
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UniTentty. of 



iKTRODUcrroKT Volume, fully Illustrated. Second Edition, Sevised. 

Price lOs. 6d. 



— AniTf tation. — The Aooel«r»tlon of OrftTifty. — HMtloltT. — ItrewMi Mid 
MmIim.— TonioD.— Bendi^ of Sods.— Spiral 9princa.— CoiUsion.— dbmproMlblUlT «f 
liQildfl.— PraMnrw and TolomM of Oasoa.— Thermal Elfaeta Aoeompanyinff Slralo. — 
QaaU]ailty.>-8arface TaniloiL— Laplaca's Theory of GapUiaritj.— DilTiision of Liqmids — 
DliMlon of G^aMs.— VlMOslty of l/qaids.~Iin>BX. 



VoLVum II. Ssoomo BDmoN. FuUj Illustrated. Price 8s. 6d. 

S O U M I>. 



CoMTnnRi,— The Nature of Sound and ite ehief Gharacterittioa.— "nie Taloelty of Soand 
hi Air and otber Media.— SeflectloD and Befraotion of Booad.— Freqnenij and Pitch of 
Hetefl.— Waaonenea and Foroed OeeUlationa.— Analyala of TlbraHona.— T^a TVanaTena 
Tlbnitiona of Btoetehed Stringa or Wire* — Pipea and other Air Oavltlea.— Boda.— Plataa. 
— Iffvbranee.— YlbrattoiaB malntalnad by Heat.— SensitiTe Flamea and Jala.— Maaioal 
Band.— The Baparpoaltlon of Waraa.— Indeok 

'' Tbe work . . . may be reoommended to anyone deeirons of poseesiing an zast 
vr-TOHDULTB thtAmoAMD TsaAnn on Aoonitioe."— i4ler«<«ra 

'' TtTj elearly written. . . . The namee of the avthon are a fnarantee of the 
•eiurmno AOOvaAor and cr-ro-DAn OHAaAoraa of the work. "— Mdmeat i om a t Tkiut. 



Volume III. At Press. Fully Illustrated. 

Remaining Volumes in Preparation — 
LIOHT; MAGNETISM AND ELECTRICITY. 



THE MEAN DENSITY OF THE EARTH : An Essay to which the 

Adams Prize was adjudged in 1893 in the University of Cambridge. By J. H. 
PoTNTiNQ, Sc.D.. F.B,.S., Late Fellow of Trinity College, Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, Illiistrations in 
the Text, and Seven Lithographed Plates. 12s. 6d. 

"An Moout of thh BBl^eet Manet fkU to be of emn4> and anmAK iwaaaeff te the MtaatMe 
mind. BBoelaUf Is t&li tae eaee when the aeeoant Is given ky one who hae eontrlbwtod so 
eoniidaiabty ee kaa Prof. Feyntinf te oar preeent itate of kaewledte wtth ree p e et to a very 
diffleaM mli^eet . . . BenaiiaUy hae Newton's eettanate been vertted by Pr^ Poyatlag.*- 
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Hetallnrgical Publications. 

For Works on Chkmistey and Chemical Industries see p. 69. 
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J« 0HARLM8 GRIFFIN A €K>.*8 PUBLWA TIONB. 

Demy 8vo, Handsome cloth, 18$, 

Physical Geology and Palaeontology, 

OJV TEE BASIS OF PHILLIPS. 

BY 

HARRYGOVIER SEELEY, F. R.S., 

PKOFBSaOB. OP GBOGKAJPHY IN KING'S COIXBGB. LONDON. 

mtb yrontlBplece In Cbtomoi-Xitbodnipbi?, anb 5lluBtratfotis» 

*' It is impossible to praise too highly the research which Professor Sbrlkt's 
* Physical Geology ^ evidences. It is far more than a Text-book — it if 
a Directory to the Student in prosecuting his researches." — Presidentiml Ad* 
dras U the G^hgical Society^ 1S85, ky Rev. Prof, Banney D,Sc, , LL,D., F.R,S* 

'* Professor Seeley maintains in his * Physical Geology ' the high 
reputation he already deservedly bears as a Teacher. ** — Dr, Hinry fVmd- 
ward, F,R,S.^ in the " Gealcgual Miaumty 

" Professor Seeley's work includes one of the most satisfactory Treatises 
on Lithology in th^ English language." — Amttuan Journal of Enginetrmg, 



Demy 8vo, Haivdsome cloth, S4^. 

StratigrapliiGal Geology & Paleontology, 

OJV TEE BASIS OF PHILLIPS. 

BY 

ROBERT ETHERIDGE, F. R. S., 

or TUB NATVKAL HIST. DBPARTMBNT, BRITISH MUSBUM, LATK PALuBONTOLOGIST TO TUB 
GBOU>CICAL SURVEY OP GREAT BRITAIN, PAST PRBSIDBNT OF THE 

GEOLOGICAL SOCIETY. ETC. 

TOitb AaPt 'numetouB XTableSt anb XTbitti^i^aii platen. 

** If* tuck compcadinin of f eological knowledge has ever been brouf ht together bcfet*.*— 
WmitMuuier Rtvimu. 

" If Prop. Skbley's ▼olume was remarkable for its originality and the breadth of its vicw^ 
Mr. Etrbriogs fuHy justifies the assertion made in his preface that his book dUffen ia 
rtiuetkm and detail m>m any known manual. . . . Must take high rank amowg 
«r rbfsrsncb." — Aihenmum. 



OPEli-MR STUDIES IH GEOLOGY: 

An Iniroduction to Geology Out-of-doors. 

By professor GRENVILLE COLE, M.R.LA., F.G.S. 

For details, see Griffin's Introductory Science Series, p. 85. 
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METEOROLOGY AND QEOLOQT, 5J 

Crown %vo. Handsome Cloth, 2s, 6d. 

BESEABGHES ON THE PAST AND PBESENT HISTOBT 

OF 

THE EARTH'S ATMOSPHERE. 

Including the latest Diacoueries and their Practical Appiicationa. 

By dr. THOMAS LAMB PHIPSON. 

PART I. — The Earth's Atmosphere in Remote Geological Periods. 
PART II. — The Atmosphere of our Present Period. 

Appendices; Index. 

*^* Dr. Phipson's work presents, amidst much which is of interest to the 

Scientist and the General Reader alike, a short rhunU of his discovery of the 

origin of Atmospheric Oxygen, the existence of which he attributes wholly to 

the action of Solar Radiation upon vegetable life. The book will be found 

replete with much that is new, curious, and interesting, both in connection with 

Weather Lore, and with Scientific Meteorology. — Publisher's Note. 

** The book should prore of interest to general readers, as well ai to meteorologists 
and other stadenta of science."— iVa<ttr«. 



By 6RENVILLE A. J. COLE, H.R.I.A., F.G.S^ 

Proi^Ksaor of Geolof^y in the Royal College of Science for Ireland, and Examiner in the 

University of London. 

See also the two following pages (54, 55), and page 85. 

AIDS IN 

PRACTICAL GEOLOGY! 

WITH A SECTION ON PALMONTOLOGY. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

Fourth Edition, Thoroughly Revised. With Frontispiece and 

Illustrations. Cloth, zos. 6d. 



a£NEBAL CONTENTS.— 

PART I.— Sampling of the Earth's Crust. 
PART II.— Examination of Minerals. 
PART III.— Examination of Rocks. 
PART IV.— Examination of Fossils. 

" ProCl Cole treats of tke examination of oiinerals and rooks in a wvr that has aevir 

\ attempted before . . . obsbrvimg of thb highbst pkaisb. Here indeed art 
' Aids ' INNUUBXABLB and inyaluabls. All the directions are given with the utmost deai^ 
MM aad pnamiaa.*'—A4k^mum. 

"That the work desenrea iu title, that it is full of 'Aids/ aad in the hifhest degree 
' FmACTiCAL,' will be the rerdict of all who use 'tL*'—N»iure. 

" This sxcBLLBNT Manual . . . wiU be a tbry grbat hblp. . . . The section 
•a the Examimadon of Fossils is probably the best of its kind yet published. . . . Full 
•f w ri ldi f s t ed information from the newest sources and from personal research." — At$nmia 
0fMkt, Hist0ry. 
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GRIFFIITS "NEW LAND" SEBIES. 

ProAtieai Rand-Books for the Use of Prospeetors, Explorers^ 

Seitlen, Colonists, and all Interested -in the opening 

up and Development of New Lands. 

Edited by GRENVILLE A. J. COLE, M.R.LA., F.G.S., 

Profeaaor of Geologj in the Sojal College of Science for Ireland, and Examiner in 

the University of London. 



In Croum 8vo. Handsome Cloth. 5t* 
With Numerous Maps Specially Draxon and Executed for this Work. 

NEW LANDS: 

THEIB BESOUBCES AND PBOSPECTIVS 

ADVANTAGES. 

By HUGH ROBERT MILL, D.Sc, LL.D., F.R.«.E., 

Librarian to the B^yal Geographical Society. 

Imtroduotobt. — The Derelopment of New Lands. — The DominionH of 
Canada. — Canada, Eastern Proyinces. — Canada, Western Provinces and 
Territories. — Newfoundland. —The United States. — Latin America, Mexico. — 
Latin America, Temperate Brazil and Chili. — Latin America, Argentina. — 
The Falkland Islands. — Victoria. — New South Wales. — Queensland. — South 
Australia. — ^Tasmania. — Western Australia. — ^New Zealand. — The Reaouroaa 
of South Africa.— Southern Rhodesia. — Index. 

-' Painstakino . . . coMPLBTx . . . of great praotioal xMiBXkXGm.' — TJu FMd. 

'*A want admirably supplied. . . . Has the advantage of being written by a pro- 
fessed Qeographer. "—G^o0rr«j7Atca/ Journal. 



IN PREPARATION. 
BUILDING CONSTRUCTION in WOOD, STONE, ani> 
CONCRETE. By James Lyon, M.A., Professor of En- 
gineering in the Royal College of Science for Ireland ; 
sometime Superintendent of the Engineering Department in 
the University of Cambridge; and J. Taylor, A.R.C.S.I. 



%* Other Volumes, dealing with subjects of Primary 
Importance in the Examination and Utilisation of Land* 
which have not as yet been fully developed, are in preparation. 

• ^ 
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GRIFFIX'S "NEW LAND" SERIES . 

Thibd Edition, Revised. With lUustrcUions, Handsome Cloth, 6; 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
interested in the Opening up and Development of New Lands. 

BY 

S. HERBERT OOX, Assoc.RS.M., M. Inst. M.M., F.G.S., kc, 

GrENBRAL CONTENTS. — Introduction and Hints on Geology— The Determina- 
tion of Minerals : Use of the Blow-pipe, Ac. — Kock-forming Minerals and Non- 
Metallic Minerals of Commercial Value : Rock Salt, Borax, Marbles, litho- 
graphic Stone, Quartz and Opal, &c., ftc. — Precious Stones and Gems — Stratifitd 
Deposits: Coal and Ores— Mineral Veins and Lodes — Irregular Deposit*— 
Dynamics of Lodes : Faults, &c. — Alluvial Deposits — Noble Metals : Gold« 
Platinum, Silver, &c.— Lead — Mercury — Copper — Tin— Zinc— Iron — Niok*!, 
Ac. — Sulphur, Antimony, Arsenic, Ac. — Combustible Minerals — Petroleum- 
General Hints on Prospecting — Glossary — Index. 

"This ADXIftUBLB LITTLB WORK . . . written with BOIBNTITia AOOURAOT la a 

CBJiis and Lvom style. ... An important additioit to technical literature . . . 
will be of value not only to the Student, but to the experienced Prospector. . . . 
If the succeeding volumes of the Kbw Land Sbribs are equal In merit to the First, we 
must congratulate the Publiihers on successfully filling up a gap in existing literature. 
—MitMng Journal. 

"This BXOBLLBirT HANDBOOK will prove a perfect Vad$-m$cum to those engaged la 
the praotioal work of Mining and Metallurgy."— Timet qf Jfrica. 



With many Engravings and Photographs. Handsome Cloth, 4m. 6d. 

OF O O D SXJPPIjX. 

By ROBERT BRUOE, 

Afritnltund Sop«rint«nd«at to th« Royal Dablin Society. 

With Appendix on Preserved Foods by C. A. Mitcheii<} B.A., F.LO. 

Gbnsral Contbnts. — Climate and Soil — Drainage and Rotation of 
Crops — Seeds and Crops — Vegetables and Fruits— Cattle and Cattle- 
Breediziff — Sheep and Sheep Rearing — Pigs — Poultry — Horses — The Dairy 
— ^The Farmer's Implements — The Settler's Home. 

' < BKI8TLB8 WITH IN70BMATI0N."— Farm«r«' OozetU. 

*' The work is one which will appeal to those intending to become farmers at home 
or in the Colonies, and who desire to obtain a general idea of the true principles of 
fanning in all its branohbs."— Journal qf ihs Royal Colonial Imt. 

** A most bbadablb and valuablb book, and merits an bxtbnsivb SAJM."-^aooUiA 
Farmgr. 

" Will prove of service in ant part 07 thb world."- Natwre. 
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S6 0HARLS8 QRIFFIN S 00.*8 PUBU0ATI0N8. 

Fourth Edition, Revised, and brought thoroughly up-to-date bj L. H. 

Cooks, Initmctor in Mine Surreying, Royal College of Science. 

With Frontispiece and 716 Illustrations. Price 348. 

ORE &; STONE MINING. 

BY 

C. LE NEVE FOSTER, D.Sc, F.R.S., 

PBoraaaoR of ii more, royal coixbcb ^p scibncb ; bxaminbk in mining to 

THE BOARD OF EDUCATION. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Oeeurrenee of Minerals.— PFOflpeeting.—Boiinff. 
—Breaking Ground.— SupppFting Bxeavatlons.— Exploitation.— Haul««e op 
TPansport.- Hoisting or winding. — Drainage. — Ventilation. — Lighting.^ 
Dafeent and Aseent.— Dressing— Prbieiples of jBmployment of Mining Labour. 
— Laclsla^lon afTeeting Mines and Quarries. — Condition of the Miner.— 
Aeeldents. —Index. 



' Dr. Foitar'i book was expected to be bpocm-makimg, and it fully justifies such 

. . A MOST ADMiKABLB accouBt of Uio Bftode of occuiTeiice of practically AIM 
KMomc MIMBKAU. Probably stands umritallbd for completeness. *— T/u Mtmng y tmt m m t , 

*'Tlns BrocN-MAKiMO work . . . appeals to mbn op bxpbribncb no iees than te 
•iBdents."— i?#r/- mnd HiUitnm&HHiscfu Zniuw. 
" ''^•- SPLBNBID WOBK.**— t7M#rrr. Ztuhrft /fir Btrt- mad HiUtenwettH. 



ELEMENTARY MINING AND QUARRYING 

(An Introductory Text-book). By Prof. 0. Le Neve 
FOSTEE, F.R.S. With Illustrations. [At Press. 



Fourth Edition, Revised and Greatly Enlarged. Wtik Numsrmu 

Additional lUustraHons^ mostly reduced fr^m Working 

Drawings, Price 24s. net, 

A TEXT-BOOK OF COAL-MINING : 

FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING. 

BT 

HERBERT WILLIAM HUGHES, F.G.S., 

Aaoc. Royal School of Mines, General Manager of Sandwell Park Colliery. 

GENERAL CONTENTS. 

Geology. — Search for CoaL — Breaking Ground. — Sinking. — Preliminarj 
Operations. — Methods of Working. — Haulage. — Winding. — Pumping. — 
Ventilation. — Lighting. — Works at Surface. — Preparation of Coal forManceC. 
— Index. 

"Quite TMBBBCT BOOK of its kind ... as pxactical in aim as a book can be . . . 
HU ittustiBtions are mcmxMMT/'—Aiktfutum. 

"We cordially reoommend the work." —C0Uidfy Gttardlan, 

" Will soon come to be regarded as the standakd wobk of iu kind."— i?/nw«|f Amw 
Dm$t9 GaM4tU. 
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Tenth EDiriOK, Rerised and Enlarged. With Numeroui Dkexams. 

A TREATISE ON MINE-SURVEYING 

for tk§ Mm •f Manag^n of Mtn§§ and MlttriM^ 8tadmt9 
at tk4 Hoyai School of Miitm, do. 

By BENNETT H. BROUGH, F.aS., ASSOC.R.S.M., 

Formerly laitnactor of Minc-SarTtyu^ Royml Scli»d of \ 



General Contents. — General Explanations. — Measurement of Distances. — Miner's 
Dial. — Variation of the Magnetic-Needle. — Survey ing. — German Dial. — Theodolite. — 
Taaversinz Underground. — Surface-Surveys. — Plotting the Survey. — Calculation of 
Areas. — Levelling. — Measuring Distances by Telescope. — Setting-out. — Problems. — 
Photographic Surveying. — Appendices. 

"Its CLBARNBSS of STYLE, LUCIDITY of DESCRIPTION, and FULNESS of DETAIL have long agOWOn 
for it a place unique in the literature of this branch of mining engineering, and the present edition fully 
maintains the high standard of its predecessors. To the student, and to the mining engineer alike, ITS 
VALUE is inestimable. The illustrations are excellent."— r/i^ Mintn^ youmal. 



In Large 8vo. Skoond Edition. Price 10<. M, 

Mine Accounts and Mining Book-keeping. 

For Students, Managers, Secretaries, and others* 
With Examples taken from Actual Practice of Leading Companiea. 

BT 

JAMBS GUNSON LAWN, Amoo.R&M., Assoc Mem.Init.C.E., F.G.S., 
ProfaMor of Mining at the South Ailricui School of Minei. 

Edited by C. LE NEVE FOSTER, D.Sc, F.R.S. 

Gbubkal Contents. —iDtrodaction. — Pftrt I. Engagement and Pay- 
ment of Workmen. — Part II. Purchases and Sales.— Part III. Working 
Summaries and Analyses. - Part IV. Ledger, Balance Sheet, and Comi>any 
Books. — Part Y. Reports and Statistics. 

**It Mems ixpoMiBu to raggeet how Mr. Lawh'i book could h« made mor* ooiorura ar 
mar* taluabue, careftil, and exfaanatire."— Jeeot«nfan<<' Magatifu. 



In Large Spc, with Illusiraiions and Fclding-Plaies. lot, 6d. 
AND THE USE OF EXPLOSIVES. 

A Handbook for Engineers and others Engaged in Mining, 

Tunnelling, Quarrying, &c 

By OSCAR GUTTMANN, Assoc M. Imst. C.K 

M0m*er #/ /^ S^cuhes 0/Chnl Engwtert emd Arekitecit 0/ Vunna mnd BiulaptH, 
Corresponding Member e/the Imp. Rty. GeeUgical institution 0/ Austrut^ A*c. 
** This ADMIRABLE work."— Co//t«r|/ Onardian. 

** Should proYC a vade-mecum to Miniag Engineers and all engaged in prmcCicaJ i»edE» 
^imgron emd Ceal Trades Review. 

LONDON: CHARLES GRIFFIN k CO.. LIMITED, EXETEB STREET. STRAND. 
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In Craum 9vo, Handnome Cloth. With Numerous Illwttrations. 

6s. net, 

ELECTRICAL PRACTICE IN COLLIERIES. 

By D. burns, M.E., M.In8T.M.E., 

Oeiiificated Colliery Manager, and Lecturer on Mining and Geology to the Glasgow and Westlof 

Scotland Technical College. 

Units of Measurement, Conductors, A;c. — The Theory of the Dyiiamo. — 'Hi* 
Dynamo, Details of Construction and Working. — Motors. — Lighting Installa- 
tions in Collieries. — Pumping by Electricity. — Electrical Haulage. — Coal 
Gutting. — Miscellaneous Applications of Electricity in Mines. — Index. 

"A clear and concise introduction to electrical practice in collieries."— Jfimnjr 
Journal. 



SiooND Edition. Large Crown 8yo. Handsome Cloth. With oyer 
520 lUastrationi in the Text. 12s. 6d. 

PRACTICAL COAL-MINING! 

L MANUAL FOR MAHAaERS. UNDER-MAHAGISRS, 
OOLLIURT XNaiNISBRS, AND OTHERS. 

With Worksd-aui Prohlsms on Haulage, Pumping, VenHlation, Ac, 
Bt GEORGE L. KERR, M.E., M.Inst.M.E. 

"An isBiNTiALLT PBACTiCAL woBE, and Can be confidently recommended. No department 
of Coal-Mining has been overlooked."— £'n0in««r«' Oazette. 

"This book lUBT MiiTB the wanta of Students preparing for the Collierr Managers' Ezamia- 
mions. I hare decided to use it for oar classes here. , . . We hare^ I believe the largael 
atiniog elass in Great Britain."— 2^ Prinoipal of a Training CoUege. 



ELEMENTARY COAL-MINING : For the Use of Students, Miners, and 

others preparing for Examinations. By GEOBas L. Kerr, M.E., 

M.Inst.M.£., Anthor of ** Practical Coal- Mining." In Crown Svo, 

Handsome Cloth. With 200 Illustrations. 3s. 6d. 

**An abundanoe of information conveyed in a popular and attractive form. . . . Will be 
of great use to all who are in any way interested in coal mining."— iScotMs/i Oritie. 



Seooitd Edition. Wiih Illustrations. Cloth, 3s, M, 

GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL HEN. 

Bt J. 0. P. JOHNSON, F.G.S., A.I.M.B., 

life Member Anstralasian Mine-Managers' Aasoolation. 
GlMVttAL CoifTENTS.— Introductory : Prospecting (Alluyial and General)— 
Lode or Reef Prospecting— Genesiolog^ of Gold— Aunferous Lodes— Drifts— 
Grofd Extraction— Liziviation— Calcination— Motor Power and its Transmission 
— Company Formation — Mining Appliances and Methods — Australasian 
Mining Regulations. 

" PftAOnoAL from beginninff to end . . . deals thoroiwhly with the Prospeetinib 
UnkiDg, Orashing, and Extraction of gold."— Bn'e. AtutrdUuian. 

LONDON: CHARLES GRIFFIN i CO.. IIMITED. EXETER STREET. STRANa 
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With Plates and IllustraUons, Handsome Cloth, At Preu, 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Metal lurgiBt9 and Students at 

Schools of Mines, dc. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Frof«8Bor of Mining and Director of the Otago ITniverBity School of Mines ; lAt« Director 

Thamei School of Mines, and Geological Surveyor and Mining Geologtit 

to the (Government of New Zealand. 

Third Bnolish Edition. Thoroughly Revised and Greatly Enlarged. 
With additional details concerning the Siemens-fialske and other 
recent processes. 

OoifTKNTS. — The Mac Arthur Prooess. — Ghemiefery of the Process. — 
Laboratory Experiments. — Control Testing and AnalysiB of Solutions. — 
Appliances for Cyanide Extraction. — The Actual Extraction by Cyanide. — 
Application of the Process. — Leaching by Agitation. — Zinc I^recipitation 
of Qold. — The Siemens- Halske Process. — Other Cyanide Processes. — Anti- 
dotes for Cyanide Poisoning. — Cyaniding in New Zealand. 

" Mr. Park's book deeenres to be ranked as amongst the best ov bxistivo triatiiis 
ON THIS MTJBJKTT."— Mining Journal. 



At Press. With Numerous Plates, Maps, and Illustrations. 

CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process ; its Application, 
Methods of Working, Design and Construction of 

Plant, and Costs. 

By H. FORBES JULIAN, 

Minhig and Metallurgical Engineer ; Specialist in Gold : Late Technical Adviser or the 
Deutsche Gold und Silber Scheide Anstalt, Frankfort-on-Maine. 

And EDGAR SMART, A.M.I.O.E., 

Ciyil and Metallurgical Engineer. 

\* This book deals with the Cyanide Process from Technical, Commercial, and Scientifle 
points of view. It is adapted for the Use of Directors, Managers, and Superintendents of 
Mines and Metallurgical Workfi, Mining Engineers, Metallurgists, Chemists, Assayers, 
Working Oyaniders, and Students. 



In Crown 8vo. Illustrated, Fancy Cloth Boards. 4d. Qd, 

GOLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints for intending Explorers, Prospectors, 

and Settlers. 

By THEO KASSNER, 

Mine Manager, Author of the Geological Sketch Map of the De Kaap Gold Fields. 

With a Chapter on the Agricultural Prospects of South Africa. 

Abstract of Gontbnts— History.— Geology.— Prospecting.— The De Eaap Goldflelds. 
— Komati and Swaziland. —Cost of Mining, Natire Labour, &o.— Lydenberg Goldflelds — 
Zontspanherg. — Witwatertrftnd. — Other Goldflelds. — Ghsneral Considerationa — Con- 
duaionB.— Agricultural Prospects, Tables, Index, &o. 

"As fascinating in its way as anything ever penned by Jules Verne. Mr. Eassner 
manages to impart his informat on in a way that enables him to he nnderstanded eTen 
of the dullest.' —il/r»can Commera. 

iONDON : CHARLES QRIFFIN ft CO., LIMITED. EXETER STREET, STRANDk 
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At Priss. Large 8vo. Handsome Cloth. With lUtutrations. 

METALLURGICAL ANALYSIS & ASSAYING : 

A THREE YEARS' COURSE 

FOR STUDENTS OF SCHOOLS OF MINES. 

By W. a. MACLEOD, B.A., B.Sa, A.O.S.M. (N.Z.), 

«t-I>irector, Thames School of HlDes (N.Z.), and Lecturer in Chemistry, . „ 
mia ; Director of Queensland Oovemment School of Mlnes^ Charters Towers ; 

And CHAS. WALKER, F.C.S., 

lonstrator in Chemistry, Sydney UniTersity ; 1 
and Metallurgy, Charters Towers School of Mines 

PaKT L — QUAUTATIVX ANALYSIS AND PKKPABATION AND 

Pbopkktdes of Gases. 
Part IL — Qualitative and Quantitative Analysis. 

Pakt III. ~ Assaying, Technical Analysis (Gas, Water, 

Fuels, Oils, &a). 

%* " The aim of this work is to provide the student with a graded conne of work leading 
from Simple QnantltatiTe Analysis up to the Teohoical QnantitatiTe Methods. It has 
been specially prepared to mee< the requireme ta of Schools of Mines, and more eepeeially, 
of those in the Oolonies, the subject matter having been selected to cover a three yean* 
laboratory Qonm^."-^ Extract from Authof's Pr^ace. 



FonnerlyAssist-Director, Thames School of Mhies (N.Z.^, and Lecturer in Chemistry, University 
Formerly Aaslst-Demonstrator in Chemistry, Sydney University ; Lecturer in Chemistry 



Tmibd Edition. With Folding Plates and Many lUnctiatieBS. 36e. 



k PRACTICAL TREATISE ON THE ART OF EXTRAGTINQ VETALS 

FROy THEIR ORES. 

Bt J. ARTHUR PHILLIPS, M.Ih8T.0.E., F.G.S., F.G.8*, 4a, 

And H. BAUERMAN, V.P.G.S. 

Genebal Contents. — Refractory MaterialB. — Fire-Clasrs. — Faels, J^c— 
Aiwminiiiwn, — Oopper. — Tin. — Antimony. — Arsenic. — Zmc. — Meronry. — 
Binnath. -Lead.— Iron.— Cobalt.— NidceL— Silver.— Gold.— Platinnm. 

'* Of the Third Edition, we are still able to say that, as a Text-book of 
Metallnigy, it is the best with which we are aoqnainted.**— JEin^inser. 

** A woik which is eqoally yalnable to the Stadent as a Text-book, and to the 
pMMitioal Smelter as a Standard Work of Beferenoe. . . . The Illustrations 
an admirable examples of Wood Bngraying.*' — Chemical Newt, 



TNE MINING ENGINEERS' REPORT BOOK AND DIRECTORS' 

AND SHAREHOLDERS* GUIDE TO MINING REPORTS. By 
Edwin R. Field, M.Inst.M.M. With Notes on the Valuation of 
Mining Property and Tabulating Reports, Useful Tables, &c., and 
provided with detachable blank pages for MS. Notes. 

"An ADMIRABLT compiled book which Mining Engineers and Managen will flat 
IMELT VBKWXJh,"— Mining Journal. 



LONDON: 0HARLE8 GRIFFIN & CO., LIMITED, EXETER STREET. STRANa 



METALLURQIOAL WORKB. 6i 

SicOND Editiok. In Preparation, In Two Volumes, Large 8vo. With 
Ifufneroue Mape, Plates, and Illustratione in the Text, PricM 46«. 

PSrrROILiESXJlMI 

AND ITS PRODUCTS: 

By Dr. BOVBBTON BEDWOOD, 

F.B.S.E., F.LO., A«8OCll.0.S., 

H<M. Ooir. Mam. of th« Imp«ri*l BuMian Teohnieal Society; M«m. of the AmarlMui OhMtlMl 
8oei0|f ; AdTiier to um Home OiBoe and to the Oorpontlon of London nadar tha 

Petroleum Acta, Jte., sc. 

AssnTBD BT GEO. T. HOLLOWAY, F.LC, ABSoa R.C.S.» 

And NumeroQi ContribntorB. 

Qbhskal Oontkmts — I. HiBtorieal.— IL Geological and Geographical Diitribntion of 
Petrolenm and Natural Oaa.— III. Ohemioal and PhTsioal Propertiei.— IV. Origin — Y. 
Prodnetion.— YI. Beflning.— YU The Shale Oil and Allied InduBtriea.— Ym. Tranaport, 
Storage, and Distribution.— IX. Testing.— X. Application and Uses.— XI. Legislation at 
Home and Abroad.— XII. Statistics.— Ikdsx. 

**The MOflT ooMmKKHSiVB Ain> odrmniiT ACOOuirT that has yet appeared of a gicaatio 
induatry which has made incalculable additions to the comfort of olTiliaed man.^— 2*^* 
Times. 

** A sPLumxD ooNimiBTrnoiff to our technical literature.**— (7Aemiea{ Newt. 



With Plates {One Coloured) and Illustrations. Price Ss. 6d. net. ' 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER TH^ PETROLEUM ACTS, 

And fcnr those engaged In the Storage, Transport, Distribution, and 

Industrial Use of Petroleum and its Products, and of Galolum 

Oarblde. With suggestions on the Construction and 

Use of Mineral OH Lamps. 

By captain J. H. THOMSON, 

H.M. Chief Inspector of Explosiyes, 

AND 

db. boverton redwood, 

Author of " Petroleum and its Products." 

Ck>HViKT8.— I. Introductory.— II. Sources of Supply.— HI. Production.— IV. Ohemical!Pro- 
dneta, Shale Oil, and Ooal Tar.— V. Flash Point and Fire Test.— VL Testings.- YII. Ezisttiur 
Legislation relating to Petroleum. —YIU. — IX. —Precautions Necessary.— iC. Petroleum OU 
Lamps.— XL Carbide of Calcium and Acetylene.— Appendices.— Irdbx. 

**A Tolume that will enrich the world's petroleum literature, and render a service to the 
British branch of the indubtry. . . . Reliable, indispensable, a brilliant contribution."— 
Atroleum. 



THS: PSSTROLBUM LAMP: Its Choiee and Use. A Guide 

to the Safe Employment of Mineral Oil in what is commonly termed 
the Paraffin Lunp. By Capt. J. H. Thomson and Dr. Boverton 
Redwood. Popular Edition, IlluBtrated. Is. net. 

" The book contains a great deal of interesting reading, much of which is thoroughly practical 
and useful. It is a work which will meet every purpose for which it has been wntten."— 
Petr<Aewn. 

tOHOON: CHARLES aRIFFIN k CO., LIMITED. EXETER STREET, STRANA 
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iSfiiEn 8 SP^ttallnrgitEl Smes* 



STANDARD WORKS OF REFERENCE 

FOK 

HetftUiiFgists, Mine-Owners, Assajers, Hanafaeturera^ 

and all interested in the development of 

the Hetallorgieal Industries. 

EDITED BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 

In Lmrgt 9v0, Handttmt Chih, IVitk lUusirmtUnt, 



IVTBODUOTION to the STUDY of METAIiLTJBGT. 

By the Editor. Fifth Edition. i8s. (Seep. 63.) 

GOLD (The Metallurgy of). By Thos. Kirke Rosi, 

D.Sc, Assoc. R.S.M., F.I.C, Chemist and Assayer of the Royal 
Mint. Fourth Edition.* 21s. (Seep. 63.) 

LBAD AND SILVEB (The Metallurgy of). By H. F. 

Collins, Assoc.R.S.M., M.IostM.M. Part I., Lead, i6s; Part 
XL, Silver, i6s. (See p. 64.) 

IB ON (The Metallurgy of). By T. Turnsr, A.R.S.M., 
F.I.C, F.C.S. Second Edition, Revised. i6s. (Seep. 65.) 

8TBEL (The Metallurgy of). By R W. Harbord, 

Assoc. R.S.M., F.I.C, with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst., CE. (See p. 65.) \,Ready shortly. 



Wm U PtAlUhtd mi Sk^rt InUtvaU. 

MBTAIiLUBaiOAL MAOHINERY : the Application of 
Engineering to Metallurgical Problems. ByHBNRY Charles Jenkins, 
Wh.Sc., Assoc R.S.M., Assoc. M. Inst. CE., of the Royal College of 
Science. (See p. 64). 

AZiLOYa By the Editor. 

%* Other Volumes in Preparation. 

LONDON : CHARLES GRIFFIN A CO^ LIMITED. EXETER STREET, STRANOL 
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GRIFFIN'S METAIiLUBGICAL SEBIES. 



Fifth Edition, thoroughly Revised and considerably Enlarged. Large 

8vo, with numerous Illustrations and Micro-Photographic 

Plates of different varieties of Steel. i8s. 

An Introduction to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M., 

, Late Chemist and Assayer of the Royal Mint, and Professor o< Metallurfy 

in the Royal College of Science. 

General Contents. — The Relation of Metallurgy to Chemistry. — Physical Properties 
•f Metals.— Alloys.— The Thermal Treatment of Metals.— Fuel and Thermal Measurements. 
—Materials and Products of Metallurgical Processes. — Furnaces. — Means of Supphring Air 
io Furnaces. — Thermo- Chemistry. — Typical Metallurgical Processes. — ^The Micro-Structure 
€d M«tals and Alloys. — Economic Considerations. 

" No English text-book at all approaches this in the completeness with 
which the most modern views on the subject are dealt with. Professor Austen's 
folum« will be invaluable, not only to tbe student, but also to those whost 
knowledge of th« art is far advanced." — Chemical News. 



TOVBTH Edition, Reyised, Considerably Enlarged, and in part Re- written. 

Including the most recent Improvements in the Cyanide Process. 

With Frontispiece and numerous Illustrations. 21s. 

THE HETALLURGT OF GOLD. 

BT 

T. KIRKE ROSE, D.ScLond., Assoc.R.S.M., 

Chemist and Asaayer qf the Royal Mint, 

Qbnbbal Contents.- The Properties of Gold and its Alloys.— Chemiatry of Gold.— 
Mode of Occurrence and Distribution.— Placer Mining.— Shallow Deposits.- Deep Placer 
Mining. — Quartz Crushing in the Stamp Battery.— Amalgamation. — Other Forms of 
Oruahing and Amalgamating.— Concentration.-Stamp Battery Practice.- Chlorination : 
Tbe Preparation of Ore.- The Vat Process.— The Barrel Process.— Chlorination Practice 
in Particular Mills.— The Cyanide Process.— Chemistry of the Process.— Pyritic Smelting. 
—The Beflning and Parting of Gold Bullion— The Assay of Gold Ores.— The Assay of 
Bullion— Economic Considerations.— Bibliography. 

'* A ooMPKEHBHarTB paA.CTiOA.L TBBATisK on thls important subjeot"'-27»e Times. 

'*Th« MOST OOMFLBTB daacrlption of the ohlobinatiom pboobss which has yet been pnb- 
U^ed."— J/tntiuf J0ummi. 

*' AdjEipted for all who are interested in the Gold Mining Industry, being free from ceoh- 
Bioalities as far as possible, but is more partionlarly of value to those engaged la the 
ladnstry."— Cape Tumg. 

LONDON: CHARLES GRIFFIN i CO., LIMITED. EXETER STREET. STRAND. 
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GBIFFIlT'S METAIiLTJBGICAL SEBIBS. 

Bditid by sir W. ROBERTS-AUSTEN, K.C.B., F.R.S., D.O.L. 
In Large 8vo, Handsome Cloth. With lUtutraiions. 

In Two Volumes, Each Complete in Itself and Sold Separately. 

THE METALLURGY OF LEAD AND SILVER. 

By H. F. COLLINS, As8oaE.S.M., M.Ih8T.M,M. 

Pa.]7t I.— Xj E: A I> : 

A Complete and Exhaaitiye Treatise on the Manufactare of Lead, 
with Sections on Smelting and Desilverisation, and Chapters on the 
Assaj and Analysis of the Materials inyolved. Price i6s. 

SumtABT OF Contents.— Sampling and Aasaying Lead and Silver.— Propertl«B and 
CSompoonds of Lead.— Lead Ores.— Lead Smelting.- Beverberatories.— Lead Smelting in 
Hearths.— The Roasting of Lead Ores.— Blast Furnace Smelting; Principles, Fractioe, 
and Examples; Products.- Flue Dust, its Composition, Collection and Treatment.— 
Costs and Losses, Purchase of Ores.— Treatment of Zinc, Lead Sulphides, Desilverisation, 
Softening and Beflning.— The Pattinson Process.— The Parkes Process.— Cupellation and 
Beflning, Ac., Ac. 

<'A THoaouGHLT SOUND and useful digest. May with byert ooNPiDEiroE be 
recommended." — Mining Journal. 



Pa.i?t II.— SIlLiVER. 

Comprising Details regarding the Sources and Treatment of Silrer 

Ores, together with Descriptions of Plant, Machinery, and Processes of 

Manufacture, Refining of Bullion, Cost of Working, &c. . Price 16s. 

SUMMART OF CONTENTS.— Properties of Silrer and its Principal Compounds.— SilTtr 
Ores.- The Patio Process.— The Kaaso, Fondon, Krdhnke, and Tina Processes.— The Pan 
Process.— Boast Amalgamation.— Treatment of Tailings and Concentration.— Betorting, 
Melting, and Assaying — Chloridising-Boasting.— The Augustin, ClAudet, and Ziervogel 
Processes.— The Hypo-Sulphite Leaching Proces8.—Beflning.— Matte Smelting.- i^yritie 
Smelting.— Matte Smelting in Beverberatories.— Silver-Copper Smelting and Beflning.— 
Index. 

" The author has focussed ▲ large amount of yaluablk information into a 
eonvenient form. . . . The author has evidently considerable practical exi>erienc«, 
md describes the various processes clearly and well. '—Mining Journal. 



METALLDRgTcAl" ilAiiNERY : 

The Applloatlon of Engineering to Metallurgloal Problems. 

Bt henry CHARLES JENKINS, 

Wh. Sc. , Assoc. R.S M., A ssoe. M. Inst. C. E. 

LONDON: CHARLES ORIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 



MBTALLURQIOAL WOBKB. 6$ 



GRIFFIN'S METAXiXiimaXOAL SEBIBS. 



Ready Shortly. With Numerous lUustrationfi. Large 8yo. 

Handsome Cloth. 

THE METALLDRGY OF STEEL. 

B Y F. W. HARBOKD, Assoc.RS.M., F.LC, 

OonnUting Metallurgist and Analytical Chtmitt to the Indian Govemmentf 
Royal Indian Engineering College^ Cooperg Hill. 

With over 40 Plates, 500 Illustrations (comprising nearly 100 Micro- 
Sections of Steel), Diagrams of Plant and Machinery, reduced 
from Working Drawings, and a Section on Mill Practice 

By J. W. HALL, A.M.Inst.C.E. 



Abridged Contents. — The Plant, Machinery, Methods and Chemistzy of the Bessemer 
and of the Open Hearth Processes (Acid and Basic). — The Mechanical Treatment of Steel 
comprising Mill Practice, Plant and Machinery. — The Influence of Metalloids, Heat 
Treatment, Special Steels, Microstmcture, Testing, and Specifications. 



Second Edition, Revised. Price 16s. 

THE METALLDRGY OF IRON. 

By THOMAS TURNER, Assoc.R.S.M., F.LC, 

Frofessor of Metallurgy in the University of Birmingham* 

In Labob Syo, Handsome Cloth, With Numebous Illustratiovi 

(many tbom Photoobafhs). 



e«mtral ContMtt.-^Eatlj History of Iron.— Modem History of Iron.— The Age of Ste«L 
—Chief Iron Ores.— Preparation of Iron Ores.— The Blast Fomace.— The Air used in tlM 
Blast Furnace.— Beaotions of the Blait Famace.— The Fuel mod in the Blast Furnace.— 
Blagfl and Fnzei of Iron Smelting.— Properties of Cast Iron.— Foundry Practice.- Wrought 
Iron.— Indirect Production of Wrought Iron.— The Puddling Process.— Further Treatment 
of Wrought Iron.— Corrosion of Iron and Steel. 

" A most taluablb buhmart of knowledge relating to every method and stagt 
in the manufacture of oast and wrought iron . . . rich in ehemioal details. . . • 
EzHAUsnvB. and thoboughlt jjt-to-vatr. "—BuUetin of the American Iron 
and Steel ABSOcioHon, 

** This LB A DKLiOHTrvL BOOK, giving, as it does, reliable information on a snbjeol 
beooming every day more elaborate." — Colliery Ouardian. 

"A THOBOUGHLT USBTUL BOOK, wMch brings the subject up to datb. Ov 
•BXAT YALUB to those engaged in the iron induit^.*' — Mining Journal, 



*,* For Details of Works on Mining, see pages 55-69. 
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«6 CHABLBB CfRIFriJf S CO.'S PUBLICATIONS. 

A TEXT-BOOK OF ASSAYING: 

For th9 U99 of Studonto, Mlno Managoro, Aooayoro, dc 
By J. J. BERINGER, F.I.C., F.C.S., 

Public Aaalytt for, aad Lecturer to tke Mimuic AjeecMtaea of, CoiBwal. 

And C. BERINGER, F.C.S., 

Late CUef Aaviyer to the Rio Tinto Copper Ctmipumf, T^wiea, 

With nimarotts Tables and lUustratioof. Crown Svo. Qoth, los. 6cL 

Eighth Edition. 

Obmbral Contbkts. — Part I. — Imtroductoky : Manipvlation : SawiJing; 
Brykif ; OJculatiom of Rttalts — LAbontory-bookf and Reports. Mbthods : Dry Ufav^ 
■fOlnc; Wet GniTUMetric— VoliHeetric Assays: Titrometnc, ColoriBetiic, GesooMtno— 
WeifWac wmA Moaimiag Peyts^ForaMiUe, Equations, &c. — Specific Gntvity. 

Part II. — Mrtals : Detection and Assay of Silver, Gold, Flatinuas, Mercury, Copper, 
Lead, Tkalltum, Bianutk, AatimonT, Iron, Nickel, Cobalt, Zinc, Cadiinw, Tin, Tungsten, 
Titanium, Manganese, Chroauom, xc — Eaxtltt, AUcaiies. 

Part IIL— Nok-Mbtals : Oxygen and Oxides ; The Halogens— Sulphur aad Sul- 
phates — Arsenic, Phosphorus, Nitrogen — Stticon, Carbon, Boron — Useful Tables. 

*'A RRAIXT MBiiiTORiovt WORK, that Buiy be safely depended upon either for systematie. 
instruction er for rciwrence." — Naiurt. 

''This wwk is one of tlie bbst of its kind." — Emain 



Thibd Edition, Revised. Handsome Cloth, With Numerous 

lUustroUions, 6s. 

A TEXT-BOOK OF 

ELEMENTARY METALLURGY. 

Including the Author's Practical Laboratory Gouru. 
By a. HUMBOLDT SEXTON, F.I.C, F.O.S., 

ProftMor of Metallurgy in the Glugow and West of Sootland Teohnioal College. 

GENERAL CONTENTS.— Introduction.— Properties of the Metals.— Combustion. 
^Fuels. — Befraetory Mftterisls^— Furnaoes.— Ooourrence of the Metals in Nature. — 
Preparation of the Ore for the Smelter. — Metallur^cal Processes. — Iron. — Steel. — 
Copper. — Lead. — Zinc and Tin. — Silver . — Gold. — Mercury. — Alloys. — Applications 
of ELBOTBiciTT to Metallurgy. — Laboratobt Goursb. 

" Just the kind of work for Students ooMMsivciBa the study of Metal- 
lurgy, or for Enoibbbbiho Students. ** — ProLctical Engineer. 
*• ExoKLLBBTLT got-up and WBLL-ARRANOBD. " — Chemicol Tvodt Journal. 



In Large Svo. Handsome Cloth. Price 4b. 

eUANTITATIYE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 

ON THE PRINCIPLE OF 'GROUP" SEPARATIONS. 

By J. JAMES MORGAN, F.O.S., M.S.C.I. 

" The Author may be ookobatulatbd on the way his work has been carried out'*— 
1^ Bnaini«r. 

"Will ooHXBND ITBVLF highly in Laboratory Practice. Its olsabkbss and pitaoisiov 
mark the book out as a highly usefal one.'"— Mining Journal. 
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Sboond Edition, Kevised, Enlarged/ and in part Re-writteik 
With Additional Seotiona on Modern Theobiss of ELECfTROLYSis 

Costs, &c. Price lOs. 6d. 

A TREATISE ON 

ELECTRO-METALLURGY: 

flknbracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Sur&oes and Art-Work, &c. 

BY 

WALTER G. M^'MILLAN, P.I.C., F.O.S., 

SMTtUxry to the Imtitution of Electricdl Efigineen; late Lecturer in MetaUurgy 

at Magon College^ Birminghwn, 

With numerous Illustrations. Large Crown Svo. Cloth. 

" This excellent treatise, . . . one of the best and most oomplbtb 
manuals hitherto published on EHectro-Metallurgj." — EUctriccU JRevimg, 

*' This work will be a standabd.^' — JeweUtr. 

"Any metallurgioal process which bbduobs the ooar of production 
must of neoessitj prove of great commercial importance. . . . We 
recommend this manual to aUj who are interested in the pbaotical 
A.PPLICA.TION of electrolytic processes." — Nature, 



In large Svo. With Numerous Illustrations and Three Folding-Plates. 

Price 21s. 

ELECTRIC SIELTUTfr & REPiniTa: 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 

Being the "Elsktbo-Mbtaulubgib" of Db. W. BORCHERS. 

Translated from the Second Edition by WALTER G. M°MILLAN, 

F.I.Cm f.c.s 



CONTENTS. 

Pabt I. — Alkalies and Alkalinb Eabth Metals: Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Pabt II. —The Eabth Metals : Aluminium, Cerium, Lanthanum, 
Didymium. 

Pabt III. — The Hbavt Metals : Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

* COKPBBHBNBIVB and AUTHORITATIVB . . . not Only ruili of VALUABLE IVIOB- 
MAnow, but giyes evidence of a THOROvaH insioht into the technical valtjb and 
YOflslBiLiTiES of all the methodi diBcxu%ed."—Tfu EUetrieian. 

" Br. BOROHISS' WBLL-EKOWV WORK . . . must OV VBOKSSITT BE ACQUIRID by 

wvn one interested in the subject. Ezobllbntlt put into English with additional 
Buitter by Mr. W^TAxllms"— Nature. 
" Will be Of ORBAT SXRVIOR to the practical man and the Student."— JSTI^trie Swititimg. 
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68 CHARLES QRIFFIN A 00 :B PUBLI0AT10N8. 

In Large 4to, Library Style, Beautifully Illustrated with £0 Platee^ 
many in Colours, and 94 Figures in the Text, 

PRECIOUS STONES 

Thelp Ppopepties, Oocuppences, and Uses. 

A Treatise for Dealers, Manufacturers, Jewellers, and for all 
Collectors and others interested in Gems, 

By Dr. MAX BAUER, 

Professor in the University of Marburg, 

Translated by L. J. SPENCER, M.A. (Cantab.), F.G.S. 



Oene&al Contents.— General Properties of Gems: Their Natural Characters, 
Occurrence, Application, and Uses.— Detailed Description of Particular Gems: The 
Diamond, Aubies, Sapphires ; Emeralds, Tourmalines, and Opals ; Felspars, Amphiboles, 
Malachite.— Non-mineral Gems : Amber, dtic.— Optical Features, Transparency, Trans 
lucency, Opacity, Refraction and Dispersion, &c.— Appendix : Pearls ; Coral. 



In Large Crown 8vo, With Numerous Illustrations^ Ss^ 6d, 

Tbe Art of the Goldsmith aid Jeweller 

A Manual on the Manipulation of Gold and the Manu- 
facture of Personal Ornaments. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths' Association Teehnical 

School, Birmingham. 

ASSISTED BT 

J. H. STANSBIE, B.Sc. (Lond.), P.LO., 

Lecturer at the Birmingham Municipal Technical School. 



GENERAL CONTENTS.— Introduction.— The Ancient Goldsmith's Art. —Metallurgy of 
Gold.— Prices, Ac.— Alloys.— Melting, Boiling, and Slitting Gold.— The workshop and 
Tools. — Wire Drawing. — Rings. — Chains and Insignia. — Antique Jewellery and its 
Revival. —Etruscan Work.— Precious Stones.— Cutting.— Polishing and Finishing.— 
Chasing, Embossing, and Bepouss^ Work.— Colouring and Finishing.— Enamelling. — 
Engraving.— Moulding and Casting Ornaments, (fee — Fluxes. 4&c. — Recovery of the 
Precious metals. — Refining and Assaying. — Gilding and Electro Deposition. — Hall- 
Marking.— Miscellaneous.— Appendix. 
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Griffln's Chemical and Techno lo^cal Pnblications. 

For Metallurgy and JElectra-Metallurgy, see previous Section, 
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cauvS, .... 
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Painting and Decorating, W. J. Pearce, . 80 
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A SHORT MANUAL OF 

INORGANIC CHEMISTRY 

BY 

A, DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of tke WMtBMBtUr Ho^Mtai liwiMia School 



Third Edition, Rerised, Enlarged, and Re-issued. Price 6s. net 

*' A weU-writtem, clear mad aocurate ElcmMuarv Maaual of Inorgamc Chemutry. . . . 
We agree heartily Mrith the system adopted by Drs. Duprtf and Hake. Will makk Expbiu- 
MKNTAL Work tkxbly intkkbstimg bbcauss iNTBLLiGiBLs."--%S'««wni^ RtmUm. 

"There is ao question that, given the pkkpbct gsounding of Ihe Student in his Somo^ 
the romaiader comes afterwards te him in a manner much more simple and easily acqnis«^ 
The work u ak bzamplb op thb advantacws op ths Systbmatic Trbatimmt of  
Sci«rae ever the fragmeatarr style so generally f<rflowed- Br a lono way thk obst ef the 
small Manuals for Students. — Anmiy$t. 



LJlBORATORT HAHDBOOES BT a. HUMBOLDT SEXTOH, 

ProfoMor of Motallurffy in the Qlaogow and West of Sootlhad Toohnieal Oollogo. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF aTUDBNTS, 

With lUaitratioiiB. Fottbth Edition. Crown Sto, Cloth, 8i. 

** A OOMPAOT liABOBAioBT •uiDB foT bogioBwi WAS wutod, and tho want has 
been will nvwruasD, ... A good and uofol book."— X«ti«e<. 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF 8TUDBKTS. 

With niiutntiong. Fourth Edition, Revised. Crown Sto, Cloth, 8i. 6d» 

** Tho work of a thoroo^j praotiMd ohmaaL'*-~Brm§h Medieal Journal. 
« Oompilod with groat oare, and wiU mpplj a want.*'— Jbumoj of Sducatimi, 



ELEMENTARY METALLURGY: 

Inolnding the Author's Praotical Laboratory Coarse. With many 

Illustrations. [See p. 66. 

THimc Edition, Revised. Crown 8to. Cloth, 6s. 

" Jnst tho kind of work for ttndontt oommencing the study of metaUuigy.*— 
PrcteHeal £higineer. 
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CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.I.G.. F.C.8.. A8soc.In8t.C.E., F.I.C, F.G.8., 

OMMoltinff OhamlBt to the Grown Agents for Gonsnlting GhemiBt, Head of the Ghemkl«y 

the Colonies. Department, Ooldsmiths' Inst, 

NewCroas. 

In Two Vols., Large 8yo. With Illustrationi. Sold Separately. 



**The authors hare sncoBiniD beyond all expectations, and have prodnead a work whiah 
■honld giro noBH powbk to the Engineer and Mannfaoturer."— 2!A« TioMt. 



CHEMISTRY OP ENGINEERING, BUILDING, AND 

METALLURGY. 

Qtntral Coneen&i.— XNTBODUOTION— Oliemlstry of the CUef Material! 
of Oonatmctlon— Soureea of Energy— Ohemlitry of Steam-ralalng— Ohemls- 
try of Lubrication and Lubricants— Metallorgloal Processes used In the 
Winning and Manufacture of Metals. 

*' PmACTiGAL THmonoHOUT ... an asm imAJiLi tbzt-book, usefVil not onlj to Student^ 
but to Bnoinxbu and Manaoihb or wokks in pebtsntiro wabtb and impbotino p&odaaBB."— 
BooUman. 

'* Bmihbhvlt rKAOTiOAL."— (?Ia«9otcF Htrald, 

** A book worthy of HioH &ANK . . . its merit Is great . . . treatment of the sal^eet 
•f 0A8B0D8 ruBL particularly good. . . . Watbr gab and the production clearly* worked out. 
. . . Altogether a most creditable production. Wb WAmMLT kbcommbnd it, ana look forward 
with keen interest to the appearance of Vol. Il"—J<yurnal c/Qiu Lighting. 



BKE XX. ^vtott xe«« 

THE CHEMISTRY OF MANUFACTURING 

PROCESSES. 

Otneral Contents. —Sulphuric Add Manufacture— Manufacture of Alkali, 
IKC— Destructive Distillation —Artificial Manure Manufacture— Petroleum 
— Ume and Cement— Clay Industries and Glass —Sugar and Stareh— Brewing 
and Distilling— Oils, Resins, and Varnishes— Soap and Candles— Textiles 
and Bleaching — Colouring Matters, Dyeing, and Printing — Paper and 
Pasteboard— Pigments and Paints— Leather, Glue, and Slie—BiQiloiiTes 
and Matehes— Minor Chemical Manufactures. 

"Certainly a oood and ussruL book, constituting a pbaotioal ouidb for itadeBta br 
affording a olear conception of the numerous proceiiea aa a whole.'*— C7k«m<6a< 3Wmh 
Jowtnttl. 

"We oomriDBHTLT BBOOiaaND this rolume at a pbaotioal, and not OTerloa4«d« 
IBXV-Boox, of OBBAT TALUB to itudenta.**— 77^ Buildir. 
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JuiT Ottt. Fifth Edition, Thoroughly Reyised, Greatly Enlarged and 
Re-written. With additional Tables, Plates, and Illustrations. 21s. 

FOODSs 

THEIR COMPOSITION AND ANALYSIS. 

By a, WYNTER BLYTH, M.R.C.S., F.IC, F.C.S., 

Bariister-at-Law, Pnblic An&lyBt for the County of Devon, and 
Medical Officer of Health for St Marylebone. 

And M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 

General Contents. — History of Adulteration. — Legislation. — Ap- 
paratus. — " Ash." — Sugar. — Confectionery. — Honey. — I'xeaole. — Jams 
and Preseryed Fruits.— Starches. — Wheaten-Flour. — Bread . — Oats. — 
Barley. — Rye. — Rice. — Maize. — Millet. — Potato. — Peas. — Lentils. — 
Beans. — Milk.— Cream. — Butter. — Oleo-Margarine. — Cheese . — Lard. — 
Tea. — Coffee. — Cocoa and Chocolate. — Aleohol. — Brandy. — Rum. — 
Whisky. — Gin. — Arraok. — Liqueurs. — Absinthe. — Yeast. — Beer. — Wine. 
— Vineffar. — Lemon and Lime Juioe. — Mustard. — Pepper. — Sweet and 
Bitter Almonds.— Annattc—Oliye Oil.— Water Analysts.— Appendix : 
Adulteration Acts, &c. 

** Simply urMSFBHiABLa in th« Analyit'i laboratory."— rA« Lanttt. 
** A n«w edition of Mr. Wynter BWth'i Standard work, xniOBBD wrra all tee seobnt 
DiscovKBiBs ASD iMFmoTBiains, will M aooeptad as a boon."— C%«m<eal ilTdwi. 



Tmibd SDinoxr. In Large 8yo, Cloth, with Tables and IllustratioBi. 

Price 21s. 

POISONS; 

THEIR EFFECTS AND DETECTION. 

By a. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S., 

Barrieter-at-Law, Pnblic Analyst for the Gonnty of Deron, and 
Medical Officer of Health for St Marylebone. 

aSNBBAL CONTENTS. 

I. — ^Historical Introduction. II. — Classification — Statistics — ConneotieB 
between Toxic Action and Chemical Composition — Life Tests — General 
Method of Procedure — The Spectroscope — Examination of Blood and Bleod 
Stains. III. — Poisonous Gases. IV. — Acids and Alkalies. V. — More 
•r less Volatile Poisonous Substances. VI. — Alkaloids and PoisonoM 
Vegetable Plrlnciples. VII. — Poisons deriyed from Living or Dead Animal 
SuMtaaces. Vlll. — The Oxalic Acid Group. IX.— Inorganic Poisons. 
Appendix: Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

*' Undoubtedly ths mob* ooxrun work on Toxicology in onr lansuaffe."— TJk« ^luilfiK f mi 
4V Third MUMoh). 

** A« a nuoncAL euiDi, we know no Bmn work.'*.-3A« Laneet (onthg Third MdttUm). 

V la the Thibd EDinoH, Enlarsed and partly Be-written, Niw Ahalttical Mhhom har* 
been latrodnced, and the OADAmio Alkaloids, or Ptoxaivxs, bodies playing so great a pett Is 
Foed-poleoning and in the ManifeataUeni of Diieaae, hare receired special attention. 
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With Numerous Tables, and 22 Illustrations. i6s. 

DAIRY CHEMISTRY 

FOR DAIRY MANAGERS, CHEMISTS, AND ANALYSTS 
A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

By H. droop RICHMOND, F.C.S., 

CHBICIST TO THS AYLESBURY DAIRY CGlCrANY. 

Contents.—l, Introductory.— The Constituents of Milk. II. The Analysis of 
MUk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV. The Chemical Control of the Dairy. V, Biological and Sanitary Matters, 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow. — ^Appendices. — ^Tables. — Index. 

" . . . In our opinion the book is tkc best contkibution on the subject that 
■AS YET APPEASED in the English lan^^age." — Lancet. 



At Prsss, Fully Illustrated. 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dairy Farming, The Diseases of Cattle, and on the 

Hygiene and Control of Supplies. 

By EDWARD R WILLOUGHBY, 

M.D. (Lend.), D.P.H. (Lend, and Camb.), 
Inspector of Farms and Qeneral Scientific Adviser to Welford and Sons, Ltd. 



Crown 8vo, Handsome Qoth. Fully Illustrated. 101. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 

A Praotioal Handbook for Medical Men, Analysts^ Inspectors and otksn. 
By C. AINSWORTH MITCHELL, B.A(Oxon), 

Fellow of the Institute of Chemistry; Member of Council, Society of Public Analysts. 

With Ifumeroui Tekblei, IlluatratioM, and a Coloured PUUe* 

Contents. — Structure and Chemical Composition of Muscular Fibre. — oi 
Connective Tissue, and Blood.— The Flesh of Different Animals.— The Examina- 
tion of Flesh. — Methods of Examining Animal Fat. — The Preservation of Flesh. 
—Composition and Analysis of Sausages. — Proteids of Flesh. — Meat Extracts and 
Flesh Peptones.— The Cooking of Flesh. — Poisonous Flesh.— The Animal Para- 
sites of Flesh.— The Bacteriological Examinatipn of Flesh.— The Extraction and 
Separation of Ptomaines. — Index. 

*•* This work is a complete compendium of the chbuistry of aicimal tissubs. It cea- 
tanks directions for the detection of morbid conditions, putrefactive changes, and poiaonoas 
or iigurious constituents, together with an account of their causes and enecta. — PukUtktnf 
N0U. 

" A compilation which will be most useful for the class for whom it is intended.**— ^i^MMMm. 
** A book which NO ONE whose duties inTolre considerations of food supply CAN AFFOKD TO •■ 
-wrTHOirr.' —Muma^i y^urnat. 
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In Large 8yo. Handtoma Cloth. With numeroiiB Illiutratioiis. 
Each Volume Complete m Itself, aoid Sold Separately, 

TECHNICAL MYCOLOGY: 

THE UTILISATION OF MIGR0-0R6ANISM8 IN THE 

ARTS AND MANUFACTURES. 

A Prmetieai Hatidbook on f-ermentation tuid Fermentative Proeessea for the U»e ef 

Brewer* and DiatiUere, Analysts, Technical and Agricultural Chemist*, 

and all interested in the Industries dependent en Fermentation. 

By Dr. FRANZ LAFAR, 

ProCmor of FermenUUon-Phjiioloffy and IBactoiiology in the Twchntcal 

High School. Vienna. 

With an Introduction bv Dr. EMIL GHR. HANSEN, Prinoipal of tho 

Carliberg Laboratory, Copenhagen. 

Tkavslatbd bt CHARLES T. C. SALTER. 

Vol I.-SCHIZOMYCBrnC FKRMKNTATION. 16ek 

Including the Theory qf Fermentatwn, the Principles qf Sterilization, and Pure 

Culture Processes. 

Vol II., PaPt L-KUMYCKTIC FKRMKNTATION. 7s. 6d. 

The Morphology, Chemistry Physiology, flmd Fermentative Processes of the Eumycetes, 

Zygomycetes, and Saccharomycetes. 

"The first work of the kind which can lay claim to completeneBi in tbe treatm«nt of 
a fMOiiuiting anbjeot. The plan is admirable, the olaMiiloation simple, the style is good, 
and the tendenej of the whole TOlnme is to conTsy sure information to the reader."— 



%* The pnbllahers trait that before long they will be able to present EogBsb readen 
with the whole of the second Tolnme, arrangements haying been conclnded whereby, apon 
Its appearamoe in Germany, the ElngUsh translation will be at onee pnt in hand. This is now 
being done with Part I., which will be issned shortly, and which will be followed by tJie 

two final parts. 

1 

In Crown 8vo, Handsome Cloth. Price 7s. 6d. net. 

FERMEN TS 

A Text-book on the Chemistry and Physics of Fermentative Changes. 
By carl OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the Gekmak by 

C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

Abridged Contents.— Introduction.— Definition.— Chemical Nature of Ferments.— 
Influence of External Factors.— Mode of Action.— Physiological Action.— Secretion. — 
Importance of Ferments to Vital Action.— Proteolytic Ferments.— Trypsin,— Bacteriolytic 
and Hsemoljrtic Ferments. — Vegetable Ferments. — Coagulating Ferments.— Saccharifying^ 
Ferments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose 
Glucosides.— Hydrolytic Ferments.— Lactic Acid Fermentation.— Alcoholic Fermenta- 
tion.— Biology of Alcoholic Fermentation.— Ozydases.-Oxidising Fermentation.— Bibli- 
ograpl^r*— Index. 

The present Translation embodies Notes and Additions to the Work 

made by the Author subsequent to its Publication in Germany. 
" Such a Tcritable multum in parvo has nerer yet appeared. The anther has set himself 
the task of writing a work on Fennents that should embrace human erudition on the 
subject " — Br eteers Journal. 
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SiGOND Edition, Revised. In Large Sto. HuidBome Cloth. 
With Plate and IlIustratioiiB. Price 2l8. 

THE PRINCIPLES AND PRACTICE OF 

BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

BY 

WA.LTER J. SYKES, M.D., D.P.H., F.I.C., 

SDITOR OF "THB ANALTST." 



ABSTRACT OF CONTENTS. 

I. Physical Principles involved 
in Brewing Operations. 
Chemistry with special re- 
ference to the materials 
used in Brewing. 
II. The Microscope. 
Vegetable Biology. 



Fermentation. 

III. Water. 

Barley and Malting. 

Brewery Plant 

Brewing. 

Beer and its Diseases. 

Appendices. 

Index. 



** A Tolume of Brewing Science, which has long heen awaited. . . . We conaider it one 
•f fu Moev coMPLiTB in coNTinn and noybl ih AKaANGimirv that has yet been published. 
. . . Will command a large sale. "—TAeBretoerf't/otimal. 

"The appearance of a work sach as this serves to remind us of the ikobmoublt bapid 
ASTAircBB made in our knowledce of the Scientific Principles onderlying the Brewing Proeeseea. 
... Dr. Sykes' work will onaoubtedly be of the obsatut assistancb. not merely to BrewerSb 
bat to all Chemists and Biologists interested in the problems which the Fermentation industries 
ptesept."— nto Ana^9t. 

"The publication of Db. Stkbs' xabtbblt tbbatisb on the art of Brewing is aoite an ersBt 
in the Brewing World. . . . Deserres oar warmest praise. ... A better guide than Dr. 
tjkes eould hardly be found."— County Brewerg' GaaetU. 



In Large 8yo. Handsome Cloth. 

AGRICDLTDRAL CHEMISTRY AND ANALYSIS : 

A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS. 

BY 

J. M. H. MUNRO, D.Sc, F.LC, F.C.S., 

Professor of Chemistry, Downton College of Agricultore. 

[In Pr§par€Uion, 

LONDON : CHARLES GRIFFIN A GO.^ LIMITED^ EXETER STREET, STRMiD. 
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SmoofKD Edition, Rbyisbd and Enla&obd. 
With Tablet, niwtiatioM in tks Text, and 37 LithocmpUe Thkm. Madkui 

SEWAGE DISPOSAL WORKS: 

A euide to the Conitraetion of Works for the PreTontloii of tho 
Pollatioii by Sewmg e of RiTon and Bftnarlea 

By W. SANTO CRIMP, M.Inst.C.R, F.G.S., 



PART I.— iNTKODVCTOST. PART IL— SBWAQB DiarOSAL WOMKA IN 

Opskatiom — Tmn Convtsvction, Maintbnancb. and Cost. 

%* From Ch* fmn of tKc Ajitfaor't kft-rias* tor mmm r««n» ^' chanre of the Maia 
mg9 Woika of the NoctharB Sectiwi of the MetrepoUs, the chapter on London will be 
to ooBtain tumj importaat details which would mot otherwise naTe been aTaUablc. 

" AB penoos intcteeted ia Sookory Science owe a debt of gtatifeude to Mr. C 
tti wmi will be eepodbtty uaelbl to Samitary AfrmoftiTiBS and their adi 
laiiicii I ntAcncAi. xn vsmrvt .'* ^L^mett 

**y^ihebly the moot oomplxts am mwar -ntMA-nm om the nb$ect which has anpeaied 



fat our lii^iyr Will ppeve of fthe grijiwr iMe to att who havo the proUeM of 



Sowiifo IHspond to huM."— ^4fA«^«r£A Mtdkml/^mmmi. 



Beautiftdly lUuitrated, wU?i Numeroug PlcUes, Diagram$, and 

Figuret in the Text, £U, net, 

TRADES' WASTE: 

ITS TREATMENT AND XTTHjISATION. 
A Handbook for Borouffh EnsrlneepB, Supveyors, Architects, and Analysts. 

By W. NAYLOR, F.O.S., A.M. Inst. C.E., 

Chief Inspector of Birers, Kibble Joint C!oinmittee. 

OONTEHTS.— I. Introduction.— II. Chemical Engineering.— III.— Wool De-greasing 
and Grease SecoTery.—IY. Textile Industries; Calico Bleaching and I>yelng.—y. Dyeing 
and Calico-Printing.— YI. Tanning and Fellmongery.— VII. Brewery and Distillery 
Waste.- Yin. Paper Mill Sefuse.— IX. General Trades' Waste.— Index. 

** There is probably no person in England to-day better fitted to deal rationally with 
■ach a subject." — British Sanitarian. 

** The work is thoroughly practical, and will serre as a handbook in the future for those 
who haTO to enoounter tlie problems discussed.**— CTkemtcal Trade Journal. 



In Crown 8to, Extra. With lilnstrationa 8s. 6d. 

CALCAREOUS CEMENTS: 

THEIR MATURE, PREPARATION, AND USES. 



By gilbert R. RBDGRAVE, Assoc. Inst. C.E., 

Assistant fl seretary for Teohnolofy, Board of Bdueattoa, Sooth KeaslafftoB. 

** IVTALUAKji to the Student, Arehitoet, sad Eaginfer."— Building A«m. 

" Will bo Mofnl to Axx intereoted la the makuyacturs, usb, and Tumre of Comeata' 



LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 



CHBMI8TRT AND TBOHNOLOGJ, 77 

Just Out. With Four Folding Plates and Numerous Illustrations. 

Large Svo. 

VirjLTE:R SXJPPX^lTt 

A Practical Treatise on the Selection of Sources and the Distribution of Water. 
By REGINALD K. MIDDLETON, M.Inst.C.E., M.Inst.Meoh.E., F.S.I. 

ABRiDaBD Contents.— Introductory.— Requirements as to Quality.— Requirements 
as to Quantity. — Storage Reservoirs.— Purification. — Service Reservoirs. — The Flow 
of Water through Pipes. — Distributing Systems. — Pumping Machines. — Special 
Requirements. 

Third Edition, Revised. Fully Illustrated. At Press. 
THE CHEMISTRY OF 

1" 



A Hand-Boo k on the Production , Purification, and Testing of lliuminating 
Qaa, and the Assay of the Bye-Products of Gas Manufacture, 

By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.O.S., 

Formerly Head Ohemiit, Gaa Works, Beokton, London. & 
GsirsRAL Contents. — I. Raw Materials for Gaa Manufacture. — II. Goal 

Gas.— III. Carburetted Water Gas.— IV. Oil Gas.— T. Enriching by Light 

OiU.— VI.— Final Details of Manufacture.— VII. Gaa Analyais.- VIII. 

Photometry. — IX. Applications of Gas. — ^X. Bve-Products. — XI. Acetylene. 

— Index. 

" The BEST WOBK of its kind which we have ever had the pleasure of re- 

Tiewing." — Joumdi of Gas Lighting, 



Just Out. With Diagrams and Illustrations. 5s. net. 
THE PRINCIPLES OP ITS GENERATION AND USE. 

By F. H. LEEDS, F.I.C., F.C.S., 

Member of the Society of Public Analysts and of the Acetylene Association; 

And W. J. ATKINSON BUTTERFIELD, MA., F.LC, F.C.S., 

Consulting Chemist, Author of "The Chemistry of Gas Manufacture." 

Gbhsbal Contents. — Introductory.— Advantages of Acetylene and other Uluminants. — 
Chemistry and Physics, — General Principles of Acetylene Generation. — Choice of a 
Generator.— Statutory Eegulations. — Treatment of Acetylene after Generation —General 
Properties. — Mains and Seryice Pipes.— Subsidiary Apparatus. — Burners. — Incandesceat 
Burners. — Heating Apparatus and Motors. — Carburetted, Compressed, and Dissolved 
Acetylene. — Mixtures with other Gases. - Sundry Uses.— Acetylene Lamps.— Valuation 
and Analysis of Carbide. 

Ready Immediately. Large Svo. Handsome Cloth. Price 16s. net. 

FIRE AND EXPLOSION RISKS. 

A Handboolf of the Detection, Investigation^ and Prevention of Fires and Explosions, 

By De. yon SCHWARTZ. 

Translated from the Kevised German Edition 

By C. T. C. SALTER. 

Abbkidged General Contents.— Fires and Explosions of a General Character. — 
Dangers arising from Sources of Light and Heat.— Dangerous Gases.— Bisks Attending 
Special Industries. — Materials Employed. — A^cultural Products.— Fats, Oils, and 
Besins.— Mineral Oils and Tar.— Alcohol, &c.— Metals, Oxides, Acids, &c.— Lightning^ 
Ignition Appliances, Fireworks. 

LONDON: CHARLES GRIFFIN A GO^ LIMITED, EXETER STREET, STRAND. 
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Tenth Edition, Reyiitd. Price if. 

PRACTICAL SANITATION: 

A MAMD-BOOK FOR SAHITARY llfSPEOTORS AND OTHERS 

IMTERE8TED IM 8AIIITATI0R. 

By GEORGE REID, M.D., D.P.H., 

9IMtm, Mtm, C^tmHL mmd E M mmii u r, Smidtmrf In»mu*§ ^f Grmi BHUtkt, 
mmd M§MMUO£Utr *§ ikt SU^fMUdtt Cmmtf C^mtcU. 

mitb an BppenMi on Sanitate Xaw* 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

GxNS&AL CONTSNTS.— Introduction— Water Supp^: Drinkin|; Watci» 
PoUvtion of Water— Ventilation and Warming — Principles of Sewi^ 
Remoral — Details of Drainage ; Refuse Remorai and Disposal — Sanitary 
and Insanitary Work and ApdUanees — Details of Plumbers' Work — House 
CoDsCniction — Infection and Disinfection — Food, Inspection of ; Cbarac- 
leristki of Good Meat ; Meat, Milk, Fish, Ac, unfit for Human Food- 
Appendix : Sanitary Law ; Model Bye-Laws, &c. 

"Dr. Reid's very useful Manual . . . abounds in practical dbtaiu'' 
'•"British Jdtdit^l Jmimal, 

" A TUT USEFUL HANDBOOK, with a Tsry useful Appendix. We reoommflnd 
it net only to Sanitabt Inspbctoks, but to Housbholdbrs and ali. intnroMed 
in Sanitary matters." — Ssnitary Ku^. 



COMPANION VOLUME TO REID'S SANITATION. 

In Crown Svo. Handsome Cloth. Profusely Illustrated. 8s. 6d. net. 

Sanitary Engineering: 

A Praotieal Manual of Town Drainage and Sewage and Refuse DiapoMcU, 

Fer 8anltary Autherltlee, Engineers, Inspeoters, Arehlteete, 
Oentraotors, and ttiidenta. 

BY 

FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 



GENERAL OONTENTS. 

Introduction. — Hydraulics.— Velocity of Water in Pipes. — Earth Pressures and Retaining 
Walls. — Powers. — House Drainage. - Land Drainage. — Sewers. — Separate System. — Sewage 
Pumping. — Sewer Ventilation. — Drainage Areas.— Sewers, Manholes, &c — Trade Refuse- 
Sewage Disposal Works. —Bactkriolyms.— Sludge Disposal. — Construction and Cleanaiag 
«f Sewers. — Refuse DisposaL— Chimneys and Foundations.' 

" The Tolume bristles with inforxoation which will be Gfreedily read by those in need of assistance. The 
book is one that ought to be ou the bookshelves of evbry practical B.UGWEEK.''Sani/aty J»umal. 

" A VBRrTABLB POCKET COMPENDIUM of Sanitary En{|rineering. ... A work which aiay, b 
vany respects, be considered as COMPLETE . . . COMMBNDABLY CAUTIOUS . . . iNTBRBSTUfG 
. SUGGBSTIVB."— />Md/ic Health Sneifuer, 

LONDON : CHARLES GRIFFIN A CO., LIMITED. EXETER STREET, STRAND, 



0HBMI8TRT AND TBCHNOLOGT. 79 

Vol. 1. Now Ready. In Half Morocco, 24s. 

In Two VJumts, each complete in itself, 

PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
MANUFACTURERS, AND SCIENTIFIC CHEMISTS. 

Toinrne I. — Chemical Engineering, Physical Chemistry. [Juat Out, 
Tolame II. — Chemical Physics, Pure and Analytical Chemistry. 

By JOHN CASTELL-EVANS, F.I.C., F.C.S., 

Superintendent of the Chemical Laboratories, and Lecturer on Inorganic Chemistry and 

Metallurgy at the Finsbury Technical College. 

The Tables may almost claim to be exhaustive, and embody and collate sdl the most 
ecent^ data established by experimentalists at home and abroad. The volumes will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work comprehends as &r as possible all rulbs and tablbs required by the 
Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c. ; and also the prin- 
cipal data in Thbrmo-Chbmistry, Electro-Chbmistry, and the various branches of 
Chbmical Physics. Every possible care has been taken to ensure perfect accuracy, and 
te include the results ef the most recent investigations. 



In Large %vo. Handsome Cloth, Beautifully Uluatrated, With 
Plates and Figures in the Text, 2\s, 

Road Making and Maintenance: 

A FBACTICAI. TBEATISE FOB ENGINEEBS, 

SXTBVEYOBS, AND OTHEBS. 

With an Histoiugal Sketch of Anoibnt and Modern Pbactioh. 

By THOS. AITKEN, AssocM.Inst.O.E., 

Mtmber of the Aisociation of Mnnioipal and County Engineers; Member of the Sanitary 
Inst; Sorreyor to the County Oonneil of Fife, Cupar Division. 

WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS, 

CoirrENTS. — Historical Sketch. — Resistance of Traction. — Layine out 
ITew Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal. — Quarrying. — Stone Breaking* and Haulage. — Road- 
Rolling and Scarifying. — The Construction of New, and the Maintenance 
<A existing Roads. — Carriage Ways and Foot Ways. 

"The LiteraiT style is MZCXLLiNT. . . . A coMPBXHXirsiVB and xzciiuirT Modem Book, an 
vr-TO-DATi work. . . . Should be on the reference shelf of every Municipal and County 
Bnicineer or Surveyor in the United Kingdom, and of every Colonial Bxiglneer."— 2^ Survty^, 



UNDON: CHARLES GRIFFIH ft CO.. LIMITED, EXETER STREET, STRAND. 



8o CHARLbiS QRiFFIN dc CO:S PUBLICA TIOHTS, 



Third Edition, Revised and Enlarged. With Illustrations. I2s. 6d. 

Painters' 
Colours, Oils, & Varnishes: 

A PRAOTZOAL BEANTJAIi. 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry ; Lecturer on the Technology of Painten' 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 

General Contents. — Introductory — The Composition, Manufacture, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Black— Lakes — Colour and Paint Machinery— Paint Vehicle! 
(Oils, Turpentine, &c., &c.) — Driers — Varnishes. 

" A THOROUGHLY rRACTiCAL boolc, ... the ONLY English work that satisfactorily 
treats of the manufacture of oils, colours, and pigments." — Ch^mcMl Trmdts* y^ttmrni. 

*,* For Mr. Hurst's Garment Dyeing and Cleaning, sec p. 84. 



In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Varnishes. 

By GEORGE H. HURST, F.C.S., M.S.C.I. 

Abstract op Contents. — Preparation of Pigment Colours. — Chemical Principles 
Involved. — Oils and Varnishes. — Properties of Oils and Varnishes. — ^Tests and Experiments. 
— Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

This Work has hten. designed by the A uOwrfor the Laboratory of the Technical School, and 
of the Paint and Colour Works ^ and for all interested or engaged in these industries. 



Second Edition, Revised. In Crown 8vo. extra. With Numerous Dlustra- 
tioni and Plates (lome Id Colours), including Original DesiguB. 12a. 6d. 

Painting and Decorating: 

A Complete Fraotieal Manual for House 
Painters aiid Decorators, 

By WALTER JOHN PEARCE, 

LBOTUBEm AT THB KAlfOHBSTlIB TXCHNIOAL lOHOOL FOR HOUBS-PAnrTDra AVD DICOKATDI* 

GENBBAL CONTENTS. 
Introduction — Workshop and Stores — Plant and Appliances — Brushes and 
Tools— Materials : Pi^ents, Driers, Painters' Oils — Wall Hanpfings — Pa^er 
Hanging— Colour Mixing — Distempering — Plain Painting — Stainmg— Yamish 
and V amishing — Imitative Painting — Graining — Marbling — Gilding — Sign- 
Writing and Lettering — Decoration : Greneral Principles — ^Decoration in Dis- 
temper — ^Painted Decoration — Relievo Decoration — Colour — Measuring and 
Estmiating — Coach-Painting — Ship-Painting. 

''A THOROUOHLT USEFUL BOOK . . . GOOD, SOUND, PRAOTIOAL IKTOB- 

MATION in a CLEAR and concise form." — Plumber and Decorator. 

*'A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

OOMPLETS that it would be difficult to imagine how ansrthing further could h% 
added about the Painter's craft." — BuUderir Journal, 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



CHBMIBTRT AND TMOMNOLOQT. 8i 

In Large 8vo. Handsome Cloth. With 4 Plates and Several 

Illustrations. i6s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature of India Rubber, its Chemieal and 

Physical Examination, and the Determination and 

Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation. 

BY 

CARL OTTO WEBER, Ph.D. 

Abstract of Contents. — Introduction. —The Chemistry of India Rubber. 
— ^The Examination and Valuation of India Rubber. — Examination of India 
Rubber Substitutes. — Inorganic Filling Materials. — Vulcanisers and Sulphur 
Carriers. — India Rubber Solvents. — Colouring Matters and Pigment Colours. 
— Constructive Components of India Rubber Articles. — Analysis of Manu- 
factured India Rubber. — Sanitary Conditions in India Rubber Works. — 
Index. 

" Replete with scientific and also with technical interest. . . . The sub-section on 
the physical properties is a complete risumi of every thing known to-day on the subject." — 
India-rubber Journal. 



New Edition. In Large 8vo. Handsome Cloth. With 144 

Illustrations. 

OILS, FATS. BUHERSA WAXES: 

rW//? PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS, 



BY 



C R. ALDER WRIGHT, D.Sc, F.R.S., 

Lftto L«ctartr oa Chemistry, St. Mary's Hospital Medical School ; Examiner in " Soap " 

to th« City and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.I.C. 

*' Dr. Wkight's work will be found absolutxx.y m dupkii sablk by •▼ery Cbamist. 
Tkbus with information Taluable alike to th« Analyst and tke T«chmcal Chamist.''— 
TA4 Analyst. 

"Will rank as the Standakd English Authority on Oils and Fats for masf 
faars to come.*' — Indus fries mndlren. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, 8TRAN0, 
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THE TE XTILE IND USTRIES. 

In Two Large Volumes, 920 pp., with a Supplementary Volume, 
containing Specimene of Dyed Fabrics. 45s, 

A MANUAL OF DYEING: 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 

BT 

B. KNEGHT, Ph.D., F.LC, CHIL RAWSON, F.I.Gm F.C.S., 

■Md of th« GkMBlstry aad Djtiixg D«iMurtm«ixt of lAto Head of tho OhtmiMtry And Djting DepurtSMBik 
Om TMkBloal BdMol, lUaohMrtar: Bditor of "Tho of tho Technieal Oolkm, Bradfocd ; Momber at 
/MMUlof tholMMrof DywiMidOolovxirti;'' OownsUof th«8o«Utf of DywiaiidOoloiiriitB'; 

And RICHARD LOEWENTHAL, Ph.D. 

Omvbkal Coktknts.— Chemical Technology of the Textile Fabrioi— 
Water — ^Waahing and Bleaching — Acids, Alkalies, Mordants — Natural 
Olonring Matters — Artificial Organic Colonring Matters— Mineral Colonn 
— Machinery nsed in Dyeing — Tinctorial Properties of Colouring Matters- 
Analysis and Valuation of Materials used in Dyeing, &o., &c. 

'*Th« MOST TALUABLS uid usxiTTL woxK on Drelzif that tuts 7«t AppMred in th« English 
laofuage . . . likely to be ms SxAJiDAmD Woxk of Bsvekkvcb for yean to oobk* "~> 
f%stiU M§rem^. 

" This anthoritatiTe and ezhaiuttTe work . . . the Mon oomflbtb we hare yet am 
ea the rabjeet**— IWp<t<< ManMfa€tvr§r. • 

" The MOST BXHAuermi and cokplstk wosk on the subject extant'*— n«f0< ilics nl sr. 



Oompanion Volume to Knecht d: Bawson^t ** Dyeing. " In Large 8vo, 
Handsome Cloth, Library Style. 16s. net. 



DVES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With FormuloB, Properties, and Applications of the various substances described, 

and concise directions for their Commercial Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.C., F.C.S., 

Oonsolting Chemist to the Behar Indigo Planters' Association ; Co-Author of " A Manual 

of Dyeing ; " 

WALTER M. GARDNER, F.C.S., 

Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College ; 

Editor of the " Journ. Soc. Dyers and Colourists ; " 

And W. R LAYCOCK, Ph.D., F.C.S., 

Analytical and Consulting Chemist. 

** Turn to the book as one may on any Bubjectf or any substanoe in connection with the 
trade, and a relerence is sure to be found. The authors haye apparently left nothing out 
Considering the immense amount of information, the book is a cheap one, and we trust it 
will be widely appreciated."— 7te<t7< Mercury. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET. STRANDi 



THE TEXTILE INDUSTRIES. 



In Large Svo, Handtome Cloth, with Numerous Illustrations. 9s, net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occurrence, Distribution, Preparation, and Industrial | 

Uses of the Animal, Vegetable, and Mineral 
Products used in Spinning and Weaving. 

By WILLIAM I. HANNAN, 

Lecturer on Botany at the Ashton Manicipal Technical School, Lecturer on Cotton 
Spinning at the Ghorley Science and Art School, &c. 

With Niimerous Photo Engravings from Nature. 

%* The subjects discussed in this volume are, in order to facilitate 

reference, arranged in alphabetical order under their respective heads. The 

work may thus be regarded as a Dictionary of Textile Fibres. A feature of 

the worK is the wealth of botanical description which accompanies the 

Section dealing with Vegetable Fibres. — Publishers* Note. 

^ UssFUL Infobmation. . . . Admirablb Illustbations. . . . The informati<m 
ia not easily attainable, and in its present convenient form will be valaable." — TtxHU 
Recorder. 



TEXTILE PRINTING: 

A PBACTICAIi MANXTAIi. 
Inolnding the Processes Used in the Printing of 
COTTON, "WOOLLEN, SILK, and HALF- 
SILK FABEICS. 
By C. F. SEYMOUR ROTHWELL, F.C.S., 

Mmn. 8oe. of Ohemieal Industrie* ; late Lecturer at the Municipal Tedmieal MkMi, 

Memehester. 

In Large 8vo, with Illustrations and Printed Patterns. Price 2 is. 



G^ENEBAL Contents. — Introduction. — The Machinery Used in Textile 
Printing.— Thickeners and Mordants.— The Printing of Cotton Groods.— The 
Steam Style.— Colours Produced Directly on the Fibre. — Dyed Styles. — 
Padding Style.-~Resist and Discharge Styles.- The Printing of Compound 
Colourings. &c.— The Printing of Woollen Goods.— The Printing of Silk 
Goods. — Practical Recipes for Printing. — Appendix. — Useful Tables. — 
Patterns. 

^* Bt tab thb bbst and host pkaotioal book on tbxtilb PRiNmro which has yet heen 
kronght otit, and will long remain the standard work on the sabjeot It is essentially 
practical in character.*'— 7V«rM2< Mercury. 

•» Thb uoflT pbaotioal manual of tbxthiB tmsttsq which has yet appeared. We haye 
BO hesitation in recommending it"— TVto Textile ManMfaeturer. 

LONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER 8TREEL STRAND, 
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Large 8to. Handflome Cloth. 12i. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 

Practical Men. 

By GEORGE DUERR, 

DfarMtor of the Bleaohiiif » Dyeing, and Printing Department at the Aoerlncton and Bacap 
Teehnioal Schools ; Ohemiat and Golonriat at the Inrell Print Worka. 

Assisted bt WILLIAM TURNBULL 

(of Tornball ft Stockdale, Limited). 

With niuitrations and upwards of One Handred Dyed and Printed Pattema 
designed specially to show yarious Stages of the Processes described. 

GENERAL CONTENTS. —Cotton, Compomtion' of; Blbachiko, New 
Processes ; Printing, Hand-Block ; Flat-Press Work ; Machine Printing^ 
Mordants— Styles of Calico-Printino : The Dyed or Madder Style, Re^ 
Padded Slyle, Discharge and Extract Style, Chromed or Raised Colonzs, 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
—Tannin Matters — Oils, Soaps, Solvents — Organic Acids — Salts — Mineral 
Colours — Coal Tar Colours— Dyeing— Water, Softening of —Theory ofUCdoun 
— Weights and Measures, &c. "^ 

** ¥nien a bjudt wat out of a difficulty Ui wanted, it is is bookb likb chis that it la foaBd.*— 
l*witflc JBiwwffto*- 

" Mr. DuxBs's WORK will be fonnd MOST ussruL. . . . The information glren is of i 
TALUS. . . . The Recipes are THoaonoHLT paAonoAii."— 7e»fil< iira»i4Ai0(«M'«r. 



Second Edition. Revised and Enlarged. With Numerous 

Illustrations. 4s. 6d. 

GARMENT 
DYEING AND CLEANING. 

A Practical Book for Practical Hen. 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry. 

General Contents. -^Technology of the Textile Fibres-^Garment Cleaning 
^Dyeing of Textile Fabrics — Bleaching — Finishing of Dyed and Cleaned Fabrics- 
Scouring and Dyeing of Skin Rugs and Mats — Cleaning and Dyeing of Feathers- 
Glove Cleaning and Dyeing — Straw Bleaching and Dyeing— -Glossary of Drqgi 
and Chemicals — Useful Tables. 
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BVBKY GARMENT DYER and cleaner in the Kingdom" — TtxHU Mtrcury. 
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